Effect of gossypol on glutathione peroxidase and other selenoproteins in male hamster. by Cheung, Kwok Keung. & Chinese University of Hong Kong Graduate School. Division of Biochemistry.
EFFECT OF GOSSYPOL ON




Cheung, Kwok Keung Bobbie
BSc. (Hon.) C.UHK.
A thesis submitted in partial fulfillment of









Many people have played an important role in the development of the
different chapters of this thesis. Those to whom I presented parts of the
manuscript have been especially helpful in reorganizing and rephrasing
major sections.
I am very grateful to Mr. Ken Lau, Miss S.L. Lee and Miss S.F. Ng for
their technical assistance. I am also want to thank Dr. Y.M. Choi and Dr.
K.P. Fung to be my examiners.
I owe a special word of thanks to Miss M.W. Wong, Mr. S.T. Koo and Mr.
P.C. Chan for their skillful typing of the manuscript, to Mr. S.K. Kong, Mr.
K.H. Wu, Mr. H.M. Lee, Miss Y.W. Ho for their editorial assistance.
Finally, I want to express my deep appreciation to my supervisor Dr. W.W.




Gossypol, a polyphenolic compound isolated rrom cotton seeas, nas Deem
considered as a potential male antifertility agent. To explore more about
its antifertility mechanism, gossypol effect on selenium specific enzyme,
glutathione peroxidase (Se-GSH-Px), and other selenoproteins in the male
hamster gonads were investigated. Se-GSH-Px, an enzyme protecting the
cells from oxidative damages, was demonstrated to be highly susceptible to
gossypol inhibition. Only about 30% enzyme activity was remained in the
spermatogenic cells after six weeks of drug treatment.
Fluorometric determination of the gross selenium content in various
tissues throughout the body revealed no any significant change after
gossypol administration. Selenium content of the spermatogenic cells from
testis and spermatozoa from epididymis was also unaffected.
75Se., in form of selenite was administered intratesticularly into the
animals. Part of the label was incorporated into the spermatogenic cells
and the others was incorporated into the testis cytosol proteins. Cell
separation by velocity sedimentation under unity gravity demonstrated
gossypol does not affect incorporation of 75Se into the -spermatogenic
cells. SDS-polyacrylamide gel electrophoresis of the spermatozoal
mitochondria vesicle proteins revealed a single 76Se labelled protein (MW
17,500) in both control and gossypol treated animals. However gossypol
seems to reduce the 75Se amount in the mitochondria vesicle proteins.
3Abstract
Sephadex G-150 chromatography of the labelled hamster testis cytosol
resulted in four 75Se peaks. It appears that gossypol does not affect the
production and turnover of these testis cytosol selenoproteins.
In brief, gossypol inhibition on Se-GSH-Px activity may responsible for
part of gossypol antifertility action. However the inhibition is not
stemmed from influence on the selenium metabolism, since gossypol does
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General Introduction 1
CHAPTER 1 GENERAL INTRODUCTION
I. The Necessity of Birth Control
The unabated human fecundity has been recognized to be a great problem.
Though, in nineteenth century, due to the environmental factors, the
population growth in the countries of the Western World slowed to a
virtual standstill and obtained a state of maturation, the world's
population problem had not changed. For the massive population
continues to grow in the developing countries, the world's population
would soon have been considered astronomical to the point of unbearable.
Population from the time of earliest record to the present day has taken
the form of an exponential curve, indicating that the rate of increase has
accelerated. Moreover, the prediction about population trends are always
wide off the mark. Let us take an example, in the 1930s and early
1940s-; several well-known demographers made forecasts on the future
course of the US population curve. All of them forecast US population
would be less than 180 millions of persons by the year 2000, however US
population had already reached a number more than 230 millions by the
year 1985 (Simon, 1981). So the challenges that man has to face would
most probably be much greater than we are now expecting.
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II. Today's Contraceptives
Under the necessity of family planning, contraceptive needs become more
and more profound. Before the late 1950s, couples managed to prevent
conception by sexual abstinence, or to rely on one of a number of simple
fertility control methods use of the rhythm method, or withdrawal, or
condom, or diaphragm. However, in the last two decades, various
contraceptives undergo continues research and now with a wide
availability in the human fertility control field. A comprehensive look at
contraceptive available right now are outlined in table 1-1. The failure
rate of different contraceptive methods in typical users are listed in table
1-2.
Among the contraceptives that available in current market, it is obvious
that many is not popular, some may due to the existing side effects,
others may due to messy and awkward. However, contraception is
inevitable. It is oral contraceptive that can obtain a high degree of
acceptability, not only because of its effectiveness, but also of its
convenience.
III. Male Responsibility in Family Planning
It has been pointed out that before 1950, couples wishing to prevent
conception had neither to avoid sexual intercourse or to rely on one of a
number of simple birth control methods. Most of those birth control
methods involve the participation of the male partner, for example,
condoms, coitus interrupts, vasectomy, or even sexual abstinence during
the unsafe period in rhythm method. However, after the introduction of
the pills, I.U.D. and other methods, the responsibility in fertility
Table 1-1 A comprehensive look at contraceptives available today
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control had completely shift to the females. The field of male
contraception is long lagging behind and the major methods of male
fertility control is still the one that used in past several decades.
These are, not only, a need to share responsibilities between both
partners, but also a need to provide more choices to the field of family
planning. As Forrest Greenslade, senior consultant at the Population
Council of United States, said, No single contraceptive is prefect for
everyone, nor for one person for life., male contraceptives is an area
that we can provide more choices.
IV. Chemical Control of Male Fertility
Male reproduction can be affected through the hypothalamus-pituitary
axis, testes, epididymis, and vasa deferentia (Alexander, 1986). Except
for blockage of vasa deferentia (vasectomy), there are few safe and effect
methods of controlling male fertility. Attempts at chemical control of
male' fertility have been started since 1960, when administration of
testosterone to male rats was found to be antispermatogenic (Heckel et
al., 1951). By far, more than 15 types of chemicals has been explored for
the purpose of male contraception, however most of them were abandoned
(Table 1-3). Though the compounds possess antispermatogenic or
antifertility capacity, their potential contraceptive action is invariably
overshadowed by observation that the compounds are toxic, result in
undesirable side effects, affect libido, sex accessary glands, or the
male endocrine system, or require prolonged, continuous use to be
effective (Jeffcote and Sandler, 1982).
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Table 1-3 Chronology of male chemical contraception


































In finding an appropriate male contraceptive method, several difficulties
will be faced. They include incomplete understanding of the physiology
and biology of the male reproductive system, relative fewer biological
target areas for contraceptive action as opposed to the female, the
proximity of hormone producing cells to the gametes, the steady
production of the reproductive hormone, existence of blood-testis barrier,
the complicated cycling of spermatogenesis. An additional constraints are
.r'
imposed by the relative disinterest of the pharmaceutical industry in
developing a male method, hence lack of financial support.
Though there are so many constraints and being a late starter, research
on new methods for male are continuously undertaken. In the following
pages the recent development of gossypol research are reviewed.
V. Gossypol: a Potential Male Contraceptive
A. History of Gossypol Studies
Gossypol is a polyphenolic bis-sesquiterpene that present throughout the
whole cotton plant (genus Gossypium, subtribe Hibisceas, order Malvaceae),
with highest content in the kernel of the seeds (Gallup, 1928; Royce et
al., 1941). It was discovered in cottonseed oil as early as 1886
(Longmore, 1886), and was purified in crystalline form in 1889
(Marchlewski, 1889). No systemic research was conducted after its
discovery until it was found to be a toxic principle in the cottonseed.
Being a major by product in cotton fiber industries, cotton seeds was
used extensively as an animal feed for it's high content of protein and
oil. However, pathological symptoms, such as diarrhea, intestinal
inflammation, loss of appetite and depression of body weight were
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observed in livestocks fed with cotton meal (Schwartze and Alsbery, 1924;
Eagle and Bialek, 1950), and led to abjuration of such attempts. At that
time, studies were confined to the isolation and identification of this
principle (O'Connor et al., 1954; Pons and Guthrie, 1949), and toxicity
studies seems to be the only subject in gossypol researches. Rats, dogs,
rabbits, pigs and chicks were separately reported to develop different
symptoms under gossypol treatment in the subsequent years by different
investigators (Gallup, 1931; Eagle, 1950; Harms and Holley, 1951 Rigdom et
al., 1958).
During this period, from the 1930s to the 1940s, a village in Jiangsu,
China, was reported not to have a single childbirth for as long as 10
years, while no collective infertility was found before and after this
period (Liu, 1957). At the same time many female villagers suffered
menstrual disturbances. Under epidemiological studies, it was found that
the village was under an unprolific years during this period, and for
economic reasons the villagers switched from soybean oil to cheaper crude
cottonseed oil for cooking purposes. With this correlation, in 1957, Liu
suggested that gossypol might cause infertility in female (Liu, 1957).
Later, in late 1960's, people in many rural areas of China has found to
suffer from a disease called burning fever due to abandoned the
commercially manufactured cotton seed oil and used the home made oil
from uncooked cotton seeds for cooking (Hubei Provincial Group, 1967;
Qian, 1984). Burning fever stopped after the patients stopped using
their own raw oil; however, after several years, many couples of this area
were found to suffer from infertility problem. Further investigation found
that it was gossypol that present in the home made cotton-seed oil that
led to azoospermia or oligospermia in men. Men who consumed a lower
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total amount of raw cotton seed oil for shorter periods of time could
recover from this situation, hence infertility is reversible and dosage
dependent. As the most adverse effects of gossypol intake were burning
fever and fatigue, and no serious side effects were demonstrated, this led
investigators to hypothesized that limited dosage of gossypol could act as
male antifertility agent with reversibility. It is this hypothesis that open
a new page of male contraceptive research.
After these findings, several groups started to determine the action of
gossypol on male fertility and simultaneously demonstrated the male
antifertility effect of gossypol (Wu, 1972; Wang and Lei, 1972; Dai et al.,
1972; Wang et ah, 1972; Shandong Coord. Group Antifertil. Plants, 1972;
Zhang and Shi, 1972; Jiangsu Coord. Group Male Antifertil. Agents, 1972;
Qian et al., 1972). After the publication of a review article by the
National Coordinating Group in 1978, the announcement of the discovery
of gossypol has drawn nationwide attention (Natl. Coord. Group Male
Antifertil. Agents, 1978). Since then, universal studies on gossypol had
been conducted up to present.
B. The Chemistry of Gossypol
Gossypol has a molecular weight of 518.54 and a structure of 1,1',6,6'7,7'-
hexahy droxy-5,5'-diisopropyl-3,3'-dimethyl-(2,2'-binaphthalene)-8,8'-
dicarboxaldehyde (Edward, 1958). The crystals of gossypol are
polymorphic, its melting point varies with the solvents from which they
are crystallized: 184, 199 and 214°C from diethyl ether, chloroform and
ligron respectively. These substances have different optical properties
and crystalline forms but show no weighty differences in their chemical
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and spectral behavior indicating that there are no great dissimilarity in
their chemical structures.
Gossypol is insoluble in water, very slightly soluble in petroleum ether,
soluble in ordinary organic solvents such as methanol, diethyl ether,
chloroform, dimethyl-foramide, and freely soluble in diluted aqeous
alkaline with slow decomposition. Considering the multiplicity of reactions
of gossypol, three tautomeric forms of gossypol were proposed (Adams and
Geissman, 1960). They included the aldehyde,, the ketonoid, and the
hemiacetal (Figure 1-1).
NMR spectroscopic study ..of different samples of gossypol revealed that in
ordinary inert solvents, gossypol exists mainly in aldehyde form, while in
polar solvents, such as DMSO, the hemiacetal form occurs in dynamic
equilibrium with the aldehyde form (Baram et al., 1976). It has been
demonstrated that the aldehyde (CHO) groups are active portions related
to antifertility.
As the consequence of atropisomerism, i.e., the restriction of rotation of
the two naphthalene units about the interlinking C-C bond, there are two
optical isomers of gossypol. The spectral characteristics and the melting
points of the (+)-isomer and the racemate are identical, but the former is
more soluble in ordinary organic solvents than the latter. (+)-isomer is
not antispermatogenic in rats and hamsters at dose levels higher than the
effective dose of the racemate (Wang et al., 1987; Yao, 1981; Lindberg et
al., 1987; Waller et al., 1983). Hence only (-)-gossypol exhibited both
efficacy and toxicity in vivo. However, no difference between the effect
of the two enantiomers has found in vitro (Yao et al., 1987). Recently,




Fig. l-l Tautomeric forms of gossypol: a, hydroxy
aldehyde; b, hemiacetal; c, ketonoid.
«r i n. i
by various groups (Si et al., 1983; Zheng et al.t 1985; Mattin et al,
1988). It provides a powerful tool for the study of the mechanism o
biological actions of the two enantiomers.
Three forms of gossypol: gossypol, gossypol acetic acid and gossypol formic
acid have been used in laboratory investigations and clinical trials
Their biological activities are very much the same. Due to its stability
gossypol acetic acid is usually used in place of gossypol in most studies.
Several methods have been reported for the determination of gossypol in a
variety of samples (Pons, 1 977). These include the use of
spectrophotometry (Crouch and Bryant, 1982; Admasu and Chandravanshi,
1984), NMR spectrometry (Walss et al., 1978), chemiluminescence
(Aver'yamov et al., 1978), gas-liquid chromatography (Raju and Cater,
1967), polarography (Wallace, 1 987), and thin layer or paper
chromatography (Markman and Rzhekhin, 1968).
There is evidence the gossypol chelates with several metal ions, (Abou-
Donia, 1976; Haas and Shirley, 1965). The most typical one is iron (III).
More recently gossypol was proposed to form chelate with Mn2+ to form a
2:1 complex which induced a functional Mn2+ deficiency in the testis
(White et al., 1 988). Mg-gossypol complex has been shown to
antispermatogenic in rats, with a relatively low toxicity compared with
gossypol (Shi et al., 1981).
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C. Species Dependence of Gossypol Antifertility Action
Different species were shown to have pronounced differences in their
sensitivity to gossypol antifertility action. Among the laboratory animals
tested, hamsters seemed to be the most sensitive, followed by rats,
monkeys and dogs in decreasing order, while rabbits and mice appeared to
be insensitive (Natl. Coors. Group Male Antifertil. Agents, 1987; Saksena
et al., 1981). In the same species, the onset of infertility and recovery
of fertility after the treatment ceased was dose-dependent. The effective
dose for hamsters was 5-10 mgkgday given for 6-12 weeks; recovery of
fertility occurred 4-14 weeks after withdrawal of the drug (Chang et al.,
1980; Hahn et al., 198J; Waller et al., 1981; Saksena and Salmonsen,
1982). The effective dose for rats was 10-30 mgkgday given for 3-10
weeks; recovery of fertility occurred 3-12 weeks after withdrawal of the
drug (Qian and Wang, 1984). Individual variation of gossypol sensitivity
was shown in rat under prolonged treatment (Zhou and Lei, 1981; Dai and
Pan, 1980). Long term treatment might cause complete atrophy of
seminiferous epithelium in some of the animals, and sterility is the likely
consequence. In dogs, gossypol could inhibit spermatogenesis only with a
high toxic dose (Sang et al., 1980).
Monkeys are moderately sensitive to gossypol antifertility action. In
rhesus monkeys, two out of three treated animals were demonstrated to
have completely inhibited spermatogenesis after 2 years of gossypol
treatment at dosage of 4 mgkgday (Sang et al., 1980). Male bonnet
monkey administered with gossypol acetic acid at dosage of 0.5 mgkgday
for 3 months showed markedly reduction in percentage of motile sperm and
sperm density per ejaculate (Kalla et al., 1985). These parameters
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returned to normal levels by 50 and 75 days after discontinuing the
treatment. In cymomolgus monkey, gossypol at dose of 10 mgkgday given
for 6 months only decrease the sperm count and motility in the ejaculate
(Shandilya et al., 1982).
In rabbits, gossypol at a dose of 10 mgkgday given for 14 weeks, the
sperm concentration and motility in the ejaculate were hardly affected
(Chang et al., 1980). When treatment was prolonged to 250 days in the
same dosage, severe toxicity resulting in eventual death were observed,
however the sperm data and fertility were still not significantly affected
(Saksena et al., 1981).
In mice, gossypol at a dose of 15-30 mgkgday did not significantly
affect the motility of epididymal and vasal spermatozoa (Shi and Zhang,
1980). Even with toxic doses, the same result was obtained (Hahn et al.,
1981).
D. Clinical Trials of Gossypol as a Male Antifertility Agent
The initial clinical trials of gossypol as a male antifertility agent were
carried out in China in 1972 (Qian et al., 1972). It was found that
gossypol given orally at a dose of 60-70 mgday for 35-42 days caused a
gradual increase in the percentage of nonmotile spermatozoa in the
ejaculate, followed by oligospermia, necrospermia and azoospermia in all 25
volunteers. Sperm motility decreased markedly as early as the second
week of administration. Only mild degree of side effects were observed.
Recovery of fertility occurred around three months after withdrawal of
gossypol treatment.
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Following this pilot clinical trial, 14 provincial and municipal districts in
various parts of China joined in a concerted effort to evaluate the.
contraception effectiveness and the significance of the side effects of
gossypol. Until 1980, the total number of volunteers had amounted to
8806 (Liu et al., 1981). The major findings of the first study were
confirmed in these expanded trials and optimal or routine loading and
maintenance dosed were determined to be 20 mgday for 60-70 days and
40-50 mgweek respectively. With this dosage level, antifertility efficacy
was 99.07%. Changes in sperm count and motility were similar to those in
men taking 60-70 mgday, but longer period of treatment was needed to
show evidence of necrospermia and azoospermia. However, these
pioneering clinical studies also brought into question the issues of
reversibility and safety of the treatment. After cessation of gossypol
treatment, approximate 10% of the volunteers remained azoospermia six
months to 4.5 years post-regimen. The recovery rate of these subjects
was related to duration of the drug administration, so it was advised not
to administer the drug over 2 years if the volunteers do not wish
infertility (Liu et al., 1981). An important and serious side effect,
hypokalemic paralysis, was found in 66 cases (0.75%) in these trials.
Hypokalemic paralysis was always preceded by a prodromal stage
characterized by muscular weakness andor severe fatigue and use of
potassium salt at this stage could prevent paralysis (Qian et al., 1977).
In order to assess the effect of gossypol on a population different from
the Chinese, small scale clinical trials were performed to Brazilian and
Austrian volunteers (Coutinho and Melo, 1988; Frick and Danner, 1985).
Both studies confirms that gossypol inhibits spermatogenesis in men at a
dose level which in short-term treatment (up to 12 months) appears to be
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free of side effects. In Austrian studies, fertility of five subjects treated
for 3 months with an oral dosage of 20 mg gossypol daily were found to
be fully reversible, however 3 out 12 Brazilian volunteers were still
azoospermic after two years of discontinuation of treatment (loading
period: 20 mg per day; maintenance period: 60 mg weekly).
With the aim of documenting the clinical status of men recovering from
gossypol treatment, variables in 46 men who had stopped taking gossypol
in the two centers in China were investigated for their predictive
association with the degree and time of recovery of spermatogenesis (Meng
et al., 1988). Thirty-nine (87%) subjects were azoospermic at cessation of
gossypol treatment. Twenty-eight (61%) recovered to a defined threshold
spermatogenic function (sperm concentration 20 x 106ml), with median
recovery time 1.1 years. However, 18 men (39%) had not recovered after
a median follow-up of 1.9 years and, of these, 10 (22%) remained
azoospermic. The failure of recovery was strongly associated with longer
treatment, greater total dose of gossypol, smaller testicular volume,
elevated FSH concentrations, and to a lesser extent, with greater body
weight.
In order to identify the smallest effective gossypol dose for male fertility
control, men were administered with gossypol, 10 mgday, orally for 3
months. The forward sperm motility and sperm density was marked
decreased, however no undue side effects were observed (Frick et al.,
1988).
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E. Site of Gossypol Antifertility Action
There are distinct differences at the reported sperm defects from different
laboratories. It was suggested that gossypol-induced infertility might be
a consequence of an array of factors (Shi et al., 1987). Thus, gossypol
might also have multiple site of action. Both testis and epididymis have
been suggested to be the primary site of gossypol action (Dai and Dony,
1978; Wong et al., 1983; Hadley and Burgos, 1982).
In rat, most pronounced effect of gossypol is produced at about 5 weeks
after administration of gossypol, 24 mgKg. This result led to a
suggestion that pachytene spermatocytes in the stage VII seminiferous
tubules and the 18-19 stage spermatids are the most sensitive cell types.
Pathological changes, such as pyknosis, nuclear vacuolation, karyorrhexis,
and cytolysis were observed in some of the spermatocytes and spermatids
in the middle and late stages. At the ultrastructural level,
pathognomonic defect in the mitochondrial sheath of stage 18 and 19
spermatids in the stage VII seminiferous tubule were observed (Hoffer,
1982; 1983). Though defects were noted and number of germ cells
were decreased, no significant deviation in the relative number of germ
cells was noted between control and rats made infertile with 10 to 20
mgKgday of gossypol.
In defects of spermatozoa, disorganization of the mitochondrial sheath and
the discontinuity of the cell membrane in the midpiece of spermatozoa was
observed in rats treated with gossypol at a dose of 20-40 mgkgday
for 9.5-35 weeks. Over 50% of spermatozoa from the animals showed a
disorganization of the motor apparatus. Some of the mitochondria
appeared empty and sperm often lacked large segments of the midpiece
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(Nadakavukaren, 1985). Prolonged treatment of rat with low dose of
gossypol (7.5 mgKgday for over one year) caused infertility with.
epididymal spermatozoa showing separation of head and tail. However no
gross degenerative changes in the testis could be observed (Zhou, 1980).
In similar study, Oko and Hrudka found a consistent specific lesion in the
spermatozoal tail segmental aplasia of the mitochondrial sheath in both
testicular and epididymal sperm (Oko and Hrudka, 1982). It was also
found that the deficiencies in the midpiece predispose the dislocation of
axial fibers in epididymal spermatozoa (Oko and Hrudka, 1984a; 1984b).
The lesions in the epididymal spermatozoa also included decapitation,
bulging, dislocation and fraging of axial fibers, and bending or breaking of
the tail. Gossypol was also shown to impair the migration of the
cytoplasmic droplets to the distal end of the midpiece, led to existence of
cytoplasmic droplets in sperm of the cauda epididymis from gossypol
treated rats and guinea pig (Bozek et al., 1981; Shi and Friend, 1985).
Based on research in the rat, it was suggested that gossypol have direct
effect on epididymal spermatozoa, however it is superimposed on the
action exerted earlier on the testis (Burrini, et al., 1986). Gossypol was
believed to exert a primary effect on the S-S bond formation in the sperm
structures during epididymal maturation.
F. Toxicology
There are large variations in the response of different species to acute
and chronic exposure to gossypol. The single-dose oral LD50 of gossypol
suspensed in water is listed for some species in Table 1-4.
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Table 1-4 Single-dose oral LD-Q of gossypol (mgKg)












adopted from Qian and Wang, 1984
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In repeated-dose, among mice, rabbits, rats, guinea pigs, dogs, pigs and
monkeys; rats and hamsters seem to be the most tolerant type, while dogs
and rabbits are the least. Daily oral doses as low as 1.5 mgKg for 28
days can cause death in swine (Toilet, et al., 1957). Exposure of dogs to
1.0-3.0 mgKg daily dose of gossypol can lead to severe toxicity and
death (Eagle, 1950).
Exposure of rabbits to 16 mgKg daily dose for period of 14 to 140 days
lead to bradycardia and ECG changes in part of animals. 6 out of 10
animals died during this period (Shandong Coord. Group male Antifertil.
Plants, 1973). The monitoring of liver enzymes and other blood
components in animals administered with gossypol, including rats, rabbits,
dogs and monkeys, demonstrated inconsistent and nonconclusive data (Qian
and Wang, 1984). It seems that different species will have different
mechanism of gossypol toxicity (Waller et al., 1986). Currently no animal
has developed hypokalemia following gossypol administration, thus it is
impossible to use animal models to study the toxic response observed in
human.
G. The Genetic Effect of Gossypol
In studies of the lethal mutagenic effects of gossypol, male rats treated
with 20 mgKg daily dose of gossypol for 4 weeks were allowed to mate
with untreated females for three rounds on days 37-40, 47-50, and 57-60
post-regimen. Examination of the fetuses and implantation sites
thirteenth day of pregnancy showed ratio of the dead fetuses to the
number of implantation sites significantly higher in the treated animals.
However the ratio dropped to normal as time process. Hence gossypol may
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damage the genetic material but the effect is transient and may decrease
with time (Zhang et al., 1979). In a similar experiment, in utero
development was analyzed in pregnancies that resulted from mating
between gossypol treated male rats and untreated female rats. Gossypol
treatment of males was shown to have no effect on the outcome of
pregnancy. There was no significant effect on resorption, fetal growth, or
malforjmation rate (Beaudoin, 1988). In Wistar rats and long hair rabbits,
gossypol in dose of 5-30 fold the clinical dose did not shown significant
embryotoxicity and teratogenicity (Tan et al., 1982).
Gossypol was shown not to be mutagenic by different investigators with
the Ames test (de-Peyster and Wang, 1979; Colman et al., 1979; Wuhan
Med. College, 1980; Li et al., 1981; Zhang et al., 1982; Majumdar et al.,
1982). However gossypol was reported to promote and induce tumor
activity in mice skin-painting tests (Haroz and Thomasson, 1980). Studies
of gossypol effect on the frequency of occurrence of SCE, micronuclei, and
chromosomal aberrations revealed a trend that low (5-fold clinical dose)
or medium (around 10-fold clinical dose) dose levels did not appear to
damage the genetic material in vivo, while high dose (more than 30-fold
clinical dose) did (Qian and Wang, 1984).
H. Gossypol Effect on Endocrine System
Though the size, the volume of cytoplasm, and the smooth endoplasmic
reticulum of rat Leydig cells were reduced, with increased number of
lysosomes and occasional vacuolization after gossypol treatment (Wang et
al, 1982), large amount of investigation still showed that gossypol does
not affect the morphology of Leydig cells (Wang et al., 1972; Sang et al.,
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1980; Xue et al., 1973; Xe et al., 1982; Luo et al., 1980; Hoffer, 1982).
In the in vitro experiment using Leydig cell culture, gossypol was
demonstrated to reduce the LH-stimulated production of testosterone (Lin
et al., 1980). However, hcG-induced testosterone production was shown to
be unaffected under the same gossypol doses, and the decrease in
testosterone concentration in the Leydig cell culture was a consequence of
the decreased number of Leydig cells (Zhuang, 1981). The (125I) hCG
binding in testis homogenate was demonstrated to be unaffected by
gossypol, suggesting noninterference of gossypol in hormone action at the
target level (Kalla et al., 1982). In various experiments, FSH and LH
level in blood was shown to be unaffected by gossypol, however, no»
consistent results can be obtained in testosterone level. Though
testosterone level does reduced in some cases, judging from the fact that
substantial reduction in sperm population occurred before the suppression
of serum testosterone level, and rabbit serum testosterone level was also
lowered by gossypol, antifertility effect of gossypol does not seem to be
mediated through its suppression effect on testicular steroidogenesis
(Saksena and Salmonsen, 1982; Sakaena et al., 1981).
I. Gossypol Effect on Enzymes
Gossypol is highly reactive with proteins (Lyman et al., 1959). The
carbonyl group of gossypol readily react with the free E-amino groups of
lysine residues to form schiff's base (Tanksley et al., 1970). Due to its
high reactivity, gossypol was shown to inhibit large number of enzyme
activities in vitro.
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1. Effect on Enzymes in Gapacitation
Sperm capacitation in the guinea pig has reported to be inhibited by
gossypol (Shi and Friend, 1983a; 1983b). And the inhibition was found to
be reversible.
The gossypol effect on sperm capacitation of human spermatozoa were
investigated in vitro by testing the penetration ability of the gossypol
treated sperm to zona-free hamster egg. It was found that gossypol
treatment caused a dose dependent decrease in the ability of- sperm to
become capacitation and penetrate the hamster oocytes (Kennedy et al.,
1983; Aitkin et al., 1983). Kennedy et al. also found that the total
amount of acrosin activity, a proteinase required during fertilization, was
significantly diminished in the gossypol treated spermatozoa in a dose-
dependent, linear manner which closely parallel the decrease in oocyte
penetration. Further investigation with boar showed gossypol also
prevented the conversion of proacrosin, the zymogen form of acrosin which
predominates in freshly ejaculate spermatozoa, into active acrosin.
Gossypol was also suggested to block spermatozoal penetration of egg in
vivo by inhibiting hyaluronidase as well as proteolytic enzymes (Shi,
1986).
2. Effect on Metabolic Enzymes
Gossypol was shown to exhibit an inhibitory effect on sperm fructolysis
and glycolysis and cause a depletion of cellular ATP concentration (Poso
et al., 1980; Ke and Tso, 1982; Stepheus and Citchlow, 1982; Wichmann,
1983).
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Because its key role in glycolysis, hexokinase has studied in vitro to find
how sensitive it is to gossypol action. It is found that hexokinase was
rather insensitive to gossypol up to 5-6xlO_5M gossypol. Steep inhibitory
effect was observed only at gossypol concentration at or above 10~4M.
In anaerobic glycolysis, pyruvate is reduced to lactate in order to
regenerate of NAD in the final step. This process is catalysed by LDH.
LDH can also catalyse the oxidation of lactate to pyruvate which is then
channeled to the TCA cycle. In testis and spermatozoa a special LDH
isoenzyme, LDH-X, was found (Blancoj and Zinkharn, 1963). Studies with
mice and human, gossypol was shown to selective inhibit the LDH-X
activity (Lee and Mailing, 1981). However, LDH total activity was found»
to be relatively insensitive to gossypol. subsequent studies with boar,
monkey and rat spermatozoa indicated that LDH-X may be a major target
enzymes in gossypol inhibition of sperm motility and so does the decrease
in LDH-X activity after prolonged treatment (Tso and Lee, 1982a;
Stephens et al., 1983; Oligiati et al., 1984). However with the challenges
that LDH-X is equally susceptible to both(+)- and(-)- gossypol, and
rabbit sperm LDH-X was also inhibited by gossypol, many investigators
suggested that effect of gossypol on sperm LDH-X activity is not a major
mode of action for its antifertility action (Eliasson and Virji, 1983; Shi et
al., 1987). Recently, it was confirmed that LDH-X inhibition in vivo is
not a primary contribution to the antifertility effect produced by gossypol
(Morris et al., 1986; Hoffer, 1985; Liu et al., 1988).
Several metabolic enzymes participating in the TCA cycle in sperms are
inhibited by gossypol (Tso and Lee, 1982b). The effect of gossypol on
TCA cycle enzyme activities was shown in table 1-6. Among the TCA
cycle enzymes, aconitase and fumarase was shown to be most sensitive to
a
Table 1-6 Effect of gossypol on TCA cycle enzyme activities
Enzyme
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2.4 x 10 5
1.8 x 10 4
1.8 x 10 5
-49.4 x 1n
3.7 x 10 5
7.5 x 10~5
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a. adopted from hi et al, 1987. b. Various% inhibition concentrations are given,
ICn cro means 20%, 50% activities have been inhibited. c. Numerical values in
bracfcers represent the% activity if the control.
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gossypol action, but not a single enzyme with exceptional susceptibility to
gossypol has yet been identified (Shi et al., 1987).
Adenyl cyclase, a key regulatory enzyme in spermatogenesis which
involves in production of cyclic AMP and is required for the maturation of
germ cells in testis and epididymis, was demonstrated to be inhibited by
gossypol in a concentration-dependent manner (Olgiati et al., 1984;
Vishwanath and White, 1986). The inhibition was shown to be mediated
through gossypol ability to chelate Mn2+, since sperm adenyl cyclase
required Mn2+ for activity (White et al., 1988). Inhibition of adenyl
cyclase will decrease the intracellular cyclic AMP levels, leading to lower
protein kinase activity and sperm dysfunction. Synthesis of LDH-5 was
also shown to be affected by gossypol (Derda et al., 1980).
Renal Na-K-ATPase activity in guinea pigs fed a relatively low potassium
diet was demonstrated to be inhibited by gossypol (Bi et al., 1980). In
ordinary antifertility doses, renal Na-K-ATPase activity was found to be
unaffected in rats, guinea pigs, rabbits, and monkeys fed regular diets
(Qian Wang, 1984), however when large doses were given to guinea pigs,
both renal and skeletal muscle Na-K-ATPase activity was inhibited (Su et
al., 1982). Na-K-ATPase activity in rat brain synapses, in guinea pig
renal cortex and in sea urchin spermatozoa was shown to be inhibited by
gossypol in a dose-dependent manner (Feng and Xu, 1982; Ye et al., 1983;
Adeyemo et al., 1982). Inhibition of Na-K-ATPase has been suggested as
the molecular site of gossypol effect causing hypokalemia (Qian, 1981;
Qian et al., 1975; Bi et al., 1980).
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IV. Purpose of Study
Gossypol antifertility effect with high efficiency has been proven by large
clinical trails in China and small clinical trials in Austria and Brazil,
however, the problems of hypokalemia paralysis and irreversibility of the
drug action in some cases prevent its application in the public. In order
to remedy these side effects by synthesis of new gossypol derivatives or
supplementation with other substance to balance its side effects during
gossypol treatment, one must first unravel the antifertility mechanism
effect of gossypol. Though gossypol has been extensively and intensively
studied for over ten years, it's antifertility mechanism remains unknown.
It was proposed that gossypol-induced infertility might be a consequence
of an array of factors, but the primary target should not be associated
with hormonal imbalance. In the past, large effort have been put into
study gossypol action on the gonad specific enzyme, LDH-X. However
recent findings suggested that LDH-X inhibition in vivo is not a primary
contribution to the antifertility effect produced by gossypol.
In order to investigate gossypol antifertility mechanism, it is attempted to
look into this aspect from a new approach. When we look into the
symptoms that causes by gossypol treatment and that by a selenium
deficiency, we find that there are great similarity between them. Though
spermatogenesis is still active, both cause a reduction of epididymal
spermatozoal motility and a gradual suppression of spermatogenesis.
Under electron microscope, the mitochondria of spermatozoa appear to be
swollen and transparent, resulting in a loss of the uniform size and
regular arrangement of the spiral sheath. Even some cases, there
are complete separation of the heads from tails. Though the
mitochondria are seriously damaged in some late spermatids, the other
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structures of the spermatids remained basically normal.
For these reasons, the present study focuses on the action of gossypol on
selenium metabolism and also the metabolism to some extent of the
selenoproteins.
The selenium specific enzyme glutathione peroxidase is first investigated,
then followed by the study of gossypol effect on the selenium metabolism,
as a whole, at several levels. Since there is a specific requirement of
selenium in the male gonads, the gossypol effect on the fate of different
selenoproteins will be studied in-depth.
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CHAPTER 2 EFFECT OF GOSSYPOL OH SELENIUM DEPENDENT
GLUTATHIONE PEROXIDASE ACTIVITY
I. Introduction
In the exploration of the antifertility mechanism of gossypol, a potential
male contraceptive, different biochemical changes in the male reproductive
system 'have been investigated. Among them, the inhibitory effect of
gossypol on various enzyme activity are the most frequently studied ones.
However, these studies are confined to either enzymes that have
something to do with the spermatozoal energy metabolism or the
spermatozoal capacitation, other enzymes are seldom tested. (Kalla and
Wei, 1981; Lee and Mailing, 1981; Tso and Lee, 1982a; Tso and Lee, 1982b;
Olgiati et al.t 1984; Kennedy et al.t 1983; Shi and Friend, 1986).
Glutathione-S-transferase, an enzyme that functions in detoxication was
reported to be inhibited by gossypol, but further study has been
abandoned for unknown reasons. Since gossypol effect leads to exfoliation
in spermatozoa midpiece, similar to the defect in selenium eficiency, and
selenium was shown to. be an essential component of an enzyme that is
responsible for preventing peroxide damage to spermatogenic cells during
spermatogenesis, an exhaustive study of gossypol effect on the selenium
specific enzyme was introduced in this chapter.
A. Oxygen Damage of Spermatozoa
Spermatozoa has limited life span under aerobic conditions. It is not
seminal plasma or extraneous metabolizable substrates that responsible for
this event, since mammalian spermatozoa are capable of retaining their
motility by endogenous respiration even in absence of these two
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substances. Instead, it has long been considered as being the result of a
toxic effect of oxygen. Oxygen represented a potential hazard to sperm
structure of function (Mann and Lutwak-Mann, 1975).
Oxygen damage of spermatozoa were believed as coming from the toxicity
of hydrogen peroxide. Mammalian semen does not contain catalase (Mann,
1964), ahd spermatozoa are susceptible to H202 toxicity. The oxygen free
radicals can induced lipids peroxidation and cause damage to cellular
membranes (Fridovich, 1974; Fridovich, 1978). It also reported that
mammalian spermatozoa are sensitive to lipid peroxidation, and the
peroxides produced from the unsaturated fatty acids of the sperm
phospholipids are strongly spermicidal (Jones and Mann, 1973; Jones and
Mann, 1976; Jones et al., 1978; Jones et al., 1979).
As catalase is absence, the critical role in reducing H202 to H20 was
played by another enzyme called glutathione peroxidase, Se-GSH-Px. Se-
GSH-Px is an selenium dependent enzyme and its activity has been found
in the semen of several species including ram, dog, human, goat and bull
(Li, 1975; Brown et al., 1977). In bull the Se-GSH-PX activity is
associated with the seminal plasma and not spermatozoa (Brown et al.,
1977; Brown and Senger, 1977). The accessory organs were also found to
have Se-GSH-PX activity.
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B. Selenium Dependent Glutatoine Peroxidase
1. History of Discovery
Selenium dependent glutathione peroxidase (Se-GSH-PX, EC 1.11.1.9) was
first discovered by Mills in 1957. It was found in the erythrocyte for
protecting the hemoglobin from oxidative breakdown by catalyzing the
following reaction.
This finding explain why glutathione in reduced from, GSH, can exhibit a
highly efficient antioxidative function in vivo, while it can catalyze the
oxidation process by free radical mechanism in vitro (Flohe and
Zimmermann, 1974; Hunter et al., 1964).
In 1962, Se-GSH-Px was shown to be one of the mitochondrial protein
that prevent the GSH-induced high amplitude swelling of the liver
mitochojidria (Neubert et al., 1962). Due to its action on contractibility
of liver mitochondria, it was called contraction factor II at that time.
GSH induced irreversible high amplitude swelling of mitochondria because
GSH promoted the peroxidation of the unsaturated membrane lipids (Hunter
et al., 1964).
However the correlation between Se-GSH-Px activity and its action on
contractibility was not cleared until the late 1960's (Flohe and
Zimmermann, 1970), when the enzyme was also found to catalyze the
reduction of organic hydroperoxides formed from unsaturated fatty acids
(Little and O'Brien, 1968, Christopherson, 1968). And the enzyme present
in rat liver was shown to be the same as that in erythrocytes (Flohe et
al., 1970). It is then recognized that the enzyme has played a broader
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role in the protection of cell membranes by detoxicating the oxygen
species. The group of reactions can hence be generalized to pathways as
shown in fig. 2-1. Where R may be an aliphatic or aromatic groups or
simply hydrogen.
Further investigation on this enzyme opens up a new page in trace
element study. Even though the fact that selenium is an essential trace
elements in mammals was discovered in the same years as Se-GSH-Px was
discovered (Schwarz and Foltz, 1957), the identification of glutathione
peroxidase as a selenium dependent enzyme was made known only sixteen
years later (Rotruck et al., 1973; Flohe et aL, 1973). The dramatic
protective effect of dietary selenium against oxidative damage to the cell
membranes and other cell components was demonstrated to be glucose
dependent and it is known that GSH is generated from glucose metabolism
through the action of glutathione reductase (fig. 2-1), these led Rotruck
et al. to propose that GSH might involved in the selenium process
(Rotruck et al., 1971). Along with the evidence that all genetic
deficiencies in which the formation or utilization of GSH is impaired will
cause peroxide induced hemolysis, Rotruck et al. identified that
glutathione peroxidase is the selenium dependent enzyme that is
responsible for the protective effect of dietary selenium on oxidative cell
damage (Rotruck et al., 1972; Rotruck et al., 1973; Flohe et al., 1973).
Quite unexpectedly, another nonselenium dependent glutathione peroxidase
activity was identified in 1976 (Lawrence and Burk, 1976). This class of
protein is constituted by glutathione transferases (Prohaska and Ganther,
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Fig. 2-1 Diagram to show Se-GSH-Px function in relation to the formation and
utilization of GSH. Abbreviations: GSH, glutathione reduced form; GSSG, glutathione
oxidized form; GSSG-Reductase, glutathione reductase; Se-GSH-Px, selenium dependent
glutathione peroxidase; ROOH, hydroperoxide where R may be an aliphatic or aromatic
groups or simply hydrogen; ROH, the corresponding alcohol or water.
GossypolSe-GSH-Px
2. Physiological Role of Se-GSH-Px in Detoxication
a. Oxygen Radicals in Living Cells
Cells living under aerobic condition gain their bioenergy from the
reduction of molecular oxygen to water and are inevitably prone to oxygen
toxicity, as highly reactive intermediates, such as superoxide anion
radicaW02—•). hydrogen peroxide (H202), singlet oxygen (02), or
hydroxyl radical (OH.), will be formed during the reduction of oxygen
(Boveris et al., 1972; Boveris and Chance, 1973; Loschen et al., 1974).
Though most of the oxygen consumed by respiring cells is used by the
cytochrome oxidase system which accomplishes the tetravalent reduction of
oxygen to water, without• the release of any free reactive intermediates,
both 02—. and H202 still produced as normal minor metabolites within the
cells by variety of enzymes. In rat liver up to 5% of the oxygen is
consumed for the production of H202 (Boveris et al., 1972; Boveris and
Chance, 1973). A remarkable multiplicity of cellular sources of these
intermediates is found. For example, H202 is produced within the
peroxisomal, microsomal, mitochondrial, and soluble fractions of the cells,
superoxide anion is generated by flavin enzymes and iron-sulfur protein
in the cytosol and by the autooxidation of reduced ubiquinone in the
mitochondria (Loschen, 1975; Fridovich, 1974; Misra and Fridovich, 1972;
Massey, 1969; Cadenas et al., 1977). The pronounced reactivity of H202,
and 02— provides the basis of many important biochemical reaction
(Klebanoff, 1974; Oshino et al., 1973; Hasting, 1966; Mead and Lewis,
1963; Serif and Kikwood, 1958).
Though presence essentially in low concentration, these highly reactive
intermediates of oxygen reduction if not maintained with a steady level
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can directly or indirectly cause substantial damage to living cells
(Halliwell, 1974; Cohen and Heikkila, 1974). The simultaneous existence
of superoxide anion and hydrogen peroxide favours the formation of the
additional oxygen species, hydroxyl radicals and singlet oxygen, which in
turn may attack variety of organic compounds and lead to organic and
lipid peroxide formation (Cohen and Heikkila, 1974; Arneson, 1970; Haber
and Weiss, 1934; Chance et al., 1978; Tappel, 1978).
It is glutathione peroxidase, in conjunction with superoxide dismutase and
catalase that set up the defense mechanism against the oxidative stress
(Halliwell, 1974). Superoxide dismutase eliminate the superoxide radical
in the first line of defense. The hydrogen peroxide is removed by
catalase andor glutathione peroxidase in the second. If the reactive
intermediates escape both defense and cause peroxidation of unsaturated
membrane fatty acid, glutathione peroxidase can act as the last line of
defense to prevent further propagation of a radical chain reaction that
lead to lipid peroxidation, deterioration of membrane lipids and severe
impairment of energy related membrane functions (Wendel, 1980).
Besides the protective function, Se-GSH-Px was also shown to involved in
prostaglandin biosynthesis (Nugteren and Harelhof, 1973).
b. Occurrence and Subcellular Localization of Se-GSH-Px
Se-GSH-Px activity has been found in many species including human, rat,
sheep, guinea pig, hamster mouse, cow, rabbit, carp (Burk and Lawrence,
1988; Marcel et al., 1977; Mazeaud et al., 1979). Its activity has been
demonstrated in all mammalian tissues examined (Flohe et al., 1979).
Moreover, guinea pig liver does not contain measurable amount of Se-GSH-
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Px, whereas mouse liver show very high activities (Lawrence and Burk,
1978). Studies on the organ distribution of the enzyme in rat found that
liver contain the highest activity, moderately high values were shown in
red cells, heart, lung and kidneys, only very low enzyme concentration
were found in the intestinal tract and skeletal muscle (Mills, 1957).
Studies' of the subcellular distribution of Se-GSH-Px revealed an important
implication to its function. In rat hepatocytes, Se-GSH-Px is localized
primarily in the cytosol( 70%) and in the matrix of mitochondria( 30%),
however essentially none of the enzyme activity is found in the
peroxisomes, where catalase remove the high content of H202 produced
(Plohe and Schlegal, 1971'; Sies, 1974). Hence, catalase and Se-GSH-Px
appear to have complementary intracellular localization as well as
complementary catalytic activities (Wendel, 1980). In erythrocytes both
enzymes can substitute for each other in removal of H202 to a substantial
degree (Ganther et al., 1976; Flohe, 1970). However the function of Se-
GSH-Px in maintaining cell integrity seems to be more important compared
with that of catalase (Albi et al., 1964).
Glutathione transferase, responsible to the non-selenium dependent
glutathione peroxidase activity, are present in the same compartments of
that of Se-GSH-Px, but also in membrane containing subcellular fractions
(Wahllander et al., 1979; Friedderg et al., 1979). It appears that the
glutathione peroxidase activity of both type of enzyme is important in
cellular defense against a wide variety of hydroperoxides, though
glutathione transferase have negligible activity with H202.
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3. Physical and Chemical Properties of Se-GSH-Px
Se-GSH-Px had been isolated and purified from different sources. All
contain selenium in the form of covalently bound selenocysteine. The
native enzymes were estimated to have molecular weights ranging from
75,000 to 85,000, depending on the source and method of determination.
The physical properties of the enzymes from various sources are
summarized in table 2-1.
Se-GSH-Px seems to be unstable at pH values approaching the isoelectric
point. Moreover, the enzyme from bovine erythrocyte is fairly stable at
pH up to 9.5. Both GSH and ethanol can stabilize the enzyme solution at
pH 7 (Sunde et al., 1979; Ganther et al., 1978; Nakamura et al., 1974;
Holmberg, 1968). Under GSH deficiency condition, the enzyme will loss its
activity quickly and tends to irreversibly precipitate if peroxide exist.
Contrast to the broad activity towards various hydroperoxides, Se-GSH-Px
show high specificity for GSH (Flohe and Gunzler, 1974, Flohe et al.,
1971b). Cyanide can inhibit the enzyme activity competitively with
respect to GSH (Ki= 1 mM) (Pierce and Tappel, 1978). Prolonged exposure
to high concentration of KCN, the oxidized enzyme will be inactivated and
depleted of its selenium (Prohaska et al., 1977). Iodoacetate or
chloroacetate also inhibit Se-GSH-Px activity if it is reduced by GSH or
KBH. Recently, both penicillamine and aurothioglucose were found to show
inhibitory effect on enzymes from chick both in vitro and in vivo
(Chaudiere et al., 1984, Chaudiere and Tappel, 1984, Mercurio and Combs,
1986).
Table 2-1 Physical properties of Se-GSH-Px
Source Molecular weight
native enzyme subunits
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4. Se-GSH-Px Enzyme Protein
Se-GSH-Px from bovine erythrocyte is a tetrameric protein of MW 80,000
(Flohe et al., 1971a). It was crystallized in the presence of 1.25 M
phosphate at pH 7 (Gunzler, 1974) and the 3D structure has been
determined by X-ray diffraction analysis (Epp et al., 1983; Landenstein et
al., 1979). Four nearly spherical subunits with a radius of approximately
19 A combined to from the native enzyme. Each subunit consists of 4
pleated sheets and 4 alpha-helices which were made up from 180 amino
acids. Selenium in form of selenocysteine was identified at the surface of
the subunit to be acting as essential component of the active site.
II. Materials and Methods
Male Chinese Golden hamsters ranged in weight from 175-200g were used
in this studies. Gossypol effect on spermatogenic cells selenium
dependent glutathione peroxidase activity were studied in vitro and in
vivo in two separate experiments.
A. Reagents
All chemical reagents used in the experiments were of analytical grade.
The following reagents were purchased from Sigma Chemical Co. (U.S.A.),
glutathione reduced from; beta-NADPH (tetrasodium salt); beta-NADH;
alpha-Ketovaleric acid; EDTA (tetrasodium salt); sodium azide; glutathione
reductase from Bakers yeast; hydrogen peroxide; rotenone; triethanolamine;
L-carnitine; 5,5'-dithiobis-(2-nitrobenzoic acid), DTNB; acetyl-CoA;
oxaloacetate; potassium cyanide; human hemoglobin; Trizma base; Drabkin's
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reagent; Coomassie Brilliant Blue G. Sodium hydroxide; dipotassium
hydrogen phosphate were purchased from Merck Chemical Co. (West
Germany). Potassium dihydrogen orthophosphate were purchased from BDH
Chemical Ltd. (U.K.). Sodium chloride; potassium hydroxide; disodium
hydrogen phosphate-12-hydrate; sodium dihydrogen phosphate-2-hydrate
were purchased from Riedel-de Haen Chemical Co. (West Germany).
B. In Vitro Experiment
1. Preparation of Samples
Gossypol effect on Se-GSH-Px from 3 different source were determined in
vitro. Spermatogenic cells, erythrocytes and hepatocytes were isolated
from a male Chinese Golden hamster. Samples from erythrocytes were
prepared by procedure adopted from Paglia and Valantine (Paglia and
Valantine, 1967). Blood had been taken by cardiopuncture under
anesthesia. The blood was haprinized and washed 3 times with cold
isotonic saline. The final saline suspension were diluted to approximate
lxl 07 erythrocyte per ml. The erythrocytes were hemolysed by adding 2
volume of distilled water followed in 10 minutes freezing and thrawing
three times in liquid nitrogen. Hemoglobin in the lysate was transformed
into stable cyanmethanoglobin by adding equal volume of Drakin's reagent.
The final suspension were centrifuged at 10,000g, 4°C for 30 minutes.
The supernatant were used for enzyme assay.
The liver was perfused with Kreb's Ringer bicarbonate buffer, pH 7, and
homogenized in phosphate buffer saline (PBS), pH 7, in a cooled potter-
Elvehjem homogenizer at full speed. The cell fragments were removed by
centrifugation at 10,000g, 4°C for 30 mins., and the supernatant was used
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for the enzyme measurement.
Samples from spermatogenic cells were prepared as follows. After the
hamsters were sacrificed, the testis were removed and decapsulated.
Blood capillaries were carefully removed. The seminiferious tubules were
washed twice with small quantity of phosphate buffer saline (PBS) and
were chopped into short segments by a razor blade. 5 ml PBS were added
and the suspension was transferred to a centrifuge tube where it was
pipetted up and down a Pasteur pipette for 20 times. After 5 mins. the
tubules that sedimented to the bottom were discarded. The upper cell
suspension that free of tubules were centrifuged at 500g at 4°C for 15
mins. The cell pellet resulted was resuspensed on 5 ml PBS. This cell
suspension resulted was then sonicated with the ultrasonic cell disrupter
that operated at 50% duty cycle for two mins. The homogenate was
centrifuged at 10,000g for 30 min. at 4°C. Supernatant was used for
enzyme assay. Se-GSH-Px assay method was outlined in table 2-2.
2. Preparation of Gossypol Solution
Gossypol was dissolved in NaOH solution first and then neutralized with
0.1 N HC1 to pH 7. During the enzyme assay, gossypol were added to the
reaction mixture to give final concentration ranged from 10-100 uM
immediately before OD measurement. The inhibitory effect of gossypol was
determined by comparing the rate of OD changes with that of the control,
in which gossypol concentration was equal to zero.
Also the in vitro inhibitory effect of gossypol on Se-GSH-Px
activity were compared with that of LDH-X activity using the
spermatogenic cells as the model.
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C. In Vivo Experiment
1. Drug Treatment
Twenty five Chinese Golden Hamster (170-200g) were assigned randomly to
2 groups. The experimental group consisted of 15 animals which were
force fed with 10 mgkgday (6 days per week) gossypol in corn oil.
Fresh gossypol was prepared daily. The control group consisted of 10
animals which were force fed with corn oil alone. 3 experimental and 2
control animals were sacrificed at 3, 25, 42, 60, 90 days after the
treatment started.
2. Preparation of samples
After the hamsters were sacrificed, the testis were removed and treated
same as in vitro experiment. However, cell suspension after sonication
were centrifuged at different speed and time at 4°C for corresponding
enzyme assay that followed (Table 2-2).
3. Enzyme Assay
Besides Se-GSH-Px assay, 3 additional enzyme assays were performed.
They included LDH-X, carnitine acetyltransferase and NAD-malate
dehydrogenase. The enzymes activities at different time intervals were
compared. Different enzyme assay methods were summarized in table 2-2.
Protein concentration was estimated by using Coomassie Brillant Blue G250
dye-binding method described by Bradford (Bradford, 1976) using human
hemoglobin as protein standard.
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A. In Vitro Experiment
1. Effect of gossypol on Se-GSH-Px activity in hamster
spermatogenic cells, erythrocytes and hepatocytes
Concentration dependent inhibition of Se-GSH-Px activity was
demonstrated for enzyme from all sources being examined (Fig 2-2). At a
dosage smaller or equal to 20 uM the susceptibility of the enzyme from
spermatogenic cells appeared to be higher than that from hepatocytes and
erythrocytes. Moreover, at gossypol dosage larger of equal to 40 uM, the
susceptibility of the enzyme from spermatogenic cells and hepatocytes
seems to be the same, to be greater than that from erythrocytes. A
maximum inhibition of about 25% was observed for hepatocytes and
spermatogenic cells Se-GSH-Px, whereas approximate 20% inhibition was
observed for erythrocytes Se-GSH-Px activity at gossypol concentration of
100 uM.
2. Effect' of Gossypol on Se-GSH-Px and LDH-X Activities of
Spermatogenic Cells
Concentration dependent inhibition of LDH-X activity was also
demonstrated (Fig. 2-3). Compare the inhibitory effect of gossypol on Se-
GSH-Px and LDH-X activities of spermatogenic cells, Se-GSH-Px seems to
be more sensitive to gossypol at any dosage studied.
B. in Vivo Experiment
The inhibitory effect of gossypol administration on hamster spermatogenic
cells enzyme activities are given in table 2-3. In Fig. 2-4 the
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Fig. 2-3. In vitro effect of gossypol on Se-GSH-Px and LDH-X activities
from spermatogenic cells p,f hamster. The Y-axis shows the percentage
residual activity. The X-axis shows the concentrations of gossypol in
micromolar. Gossypol were added to the reaction mixture to give a final
concentration from 10-100 uM immediately before assay. The OD change
of 0.1 mM NADPH and 0.12 mM NADH in the final solution was monitored
at 340 ,nm for Se-GSH-Px assay and LDH-X assay respectively. All
reaction were carried out at 30°C. Percentage residual activity of
Se-GSH-Px activities and LDH-X activity after gossypol treatment are
represented by and in the figure respectively. The mean
values of 3 separate measurements are represented in each point. At the












Fig. 2-4. In vivo effect of gossypol in different spermatogenic cell
enzyme. (A) LDH-X inhibition was compared with Se-GSH-Px
inhibition
f.
; (B) NAD-malate dehydrogenase inhibition was
compared with Se-GSH-Px inhibition (C) carnitine acetyl
transferase inhibition was compared with Se-GSH-Px inhibition
gossypol was administered orally to male hamster with dosage of
10 mgKgday (6 days per week). The Y-axis shows the percentage
inhibition of the enzyme activities by gossypol. X-axis shows the days
of gossypol treatment. Soluble fractions isolated from centrifugation of
sonicated spermatogenic cells at corresponding speed were used for
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and NAD-malate dehydrogenase activities are compared with that on Se-
GSH-Px activities.
For LDH-X, slight stimulation was observed for 3 days. However, after
that a constant inhibition of about 15% was persisted from 25 days to 60
days with a slight increase back to 7.3% at 90 days.
For NAD-malate dehydrogenase, there was no consistent changes. Both
stimulation and inhibition within 10% were observed throughout the entire
period of studies. For carnitine acetyltransferase, approximate 10%
inhibition was observed from day 3 to day 42, but the enzyme activity
jumped back to show 10% stimulation at day 60. Moreover, the enzyme
appeared to retain 100% activity in the end of the studies.
Different from LDH-X, NAD-malate dehydrogenase and carnitine
acetyltransferase which didn't show significant consistent inhibition of
enzyme activity by gossypol, Se-GSH-Px showed a drastic inhibition start
from 2p days to 90 days, with a saturation of 70% inhibition started on
60 days.
IV. Discussion
The antifertility effect of gossypol on male was well established. For
hamsters, the most sensitive animal, the effective dose was 5-10
mgkgday, given for 6-12 weeks (Chang et al., 1980; Hahn et al... 1981;
Waller et al., 1981; Saksena and Salmonsen, 1982). In the in vivo
experiment, gossypol were administered orally to male hamsters with
dosage of 10 mgkgday (6 day per week) for a period of 3 days to 90
days. Agree with the previous reports from the other groups, dead and
GossypolSe-GSH-Px
immotile spermatozoa could be observed in the cauda epididymis after 42
days of treatment and the percentage of defected spermatozoa increase.
with the time of treatment (data not shown). Weight loss and darkening
of testis color were also observed. Thus, the gossypol dosage used
appeared to be effective in this experiment.
There was no consistent change in the NAD-malate dehydrogenase and
carnitine acetyltransferase activities after gossypol treatment. The
inhibition of these enzyme activities only fluctuated within +10%. These
results were consistent with the in vitro test reported by Tso et al that
carnitine acetyltransferase was inert to the gossypol action while NAD-
malate dehydrogenase only showed mild inhibitory effect (Tso et al.,
1982a)
LDH-X was once believed to be the primary target of the
antispermatogenic effect of gossypol since it is uniquely located and
highly susceptible to gossypol action in vitro (Lee and Mailing, 1981; Tso
and Lee, 1982; Olgiati and Toscano, 1983; Stephens et al., 1983).
However, recent finding show that LDH-X inhibition in vivo is not a
primary contribution to the antifertility effect produced by gossypol
(Hoffer, 1985; Morris, 1986). The result of present studies conforms to
this suggestion. LDH-X activity, though persistently reduced, still had
approximate 80% remained after 25 days of gossypol treatment.
Different from LDH-X, NAD-malate dehydrogenase and carnitine
acetyltransferase, Se-GSH-Px appears to be highly susceptible to gossypol
inhibitory effect. Inhibition of enzyme activity was observed within the
entire period of studied. About 50% enzyme activity was inhibited after
42 days of gossypol treatment. It was the time when immotile and dead
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spermatozoa were observed in the experimental animals. Hamsters treated
with this dosage for 42 days were shown to be subfertile (Hoffer, 1985).
Inhibition of enzyme activities and already started on 25 days. It seems
that inhibition of enzyme was processed to the observation of defects in
the spermatozoa. Moreover, whether the inhibition of Se-GSH-Px cause
defects in spermatogenic cells need further investigation.
y1
In the in vitro experiment, gossypol was also shown to inhibit Se-GSH-Px
activity. The susceptibility of the enzyme seems to be higher than that
of LDH-X.
The fluidity and structural integrity of plasma membranes are maintained
by phospholipids. These .phospholipids are rich in unsaturated fatty acids
which are highly susceptible to lipid peroxidation. In spermatozoa,
phospholipids are rich in the spermatozoal membranes (Jones et al., 1978;
Poulos and White, 1973). Of course, the structural integrity of the
spermatozoal membranes are very important for sperm function. If lipid
peroxidation take place in spermatozoal membranes, structural integrity of
spermatozoa will loss, hence permanent defect of spermatozoa will be
resulted.
Recently, gossypol was shown to promote superoxide free radicals
formation when incubated with rat liver microsomes or human sperm (de
Peyster et al., 1984). It was believed that superoxide free radical
production may be the underlying basis of gossypol's biological activities.
The stimulation of superoxide free radical formation by gossypol was once
again demonstrated by Wu and Yu (Wu and Yu, 1986). Racemic gossypol,
ranging from 31.3 to 500 uM, stimulated superoxide anion generation when
.incubated with either rat liver and kidney microsomes. Though such an
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stimulation was not outstanding when tested with heart and testis
microsomes, increase in superoxide anion generation was still observed.
Superoxide anion and other oxygen radicals subsequently formed by chain
reaction are highly reactive and toxic. They are capable of inducing
peroxidation of lipids and damage to cellular membranes (Fridovich, 1974b;
Fridovich, 1978). Mammalian spermatozoa are sensitive to lipid
y'
peroxidation, and the peroxide produced from the unsaturated fatty acids
of the sperm phospholipids are strongly spermicidal (Jones and Mann,
1973; Jones and Mann, 1976; Jones et al., 1978; Jones et al., 1979).
Se-GSH-Px is one of the enzyme that is responsible for detoxication of
oxygen radicals. It works with both protective and repair mechanism. It
protect the cells by catalyze the reduction of H202 to H20 before any
damage occur. If unfortunately peroxidation of cellular component are
taken place, Se-GSH-Px can reduce the organic hydroperoxide, ROOH, that
formed to corresponding alcohol, ROH, and water before any further
cellular damage occur. From the result, it was showed both in vivo and
in vitro that gossypol can inhibit the Se-GSH-Px activity. Hence, both
protective and repair action of Se-GSH-Px is reduced and the cells are
susceptible to various oxidative damages. In mammalian semen, catalase
were shown to be absence (Mann, 1964). Therefore the protective role of
Se-GSH-Px in reduction of H202 is more critical (Brown et al., 1977).
Gossypol on one hand stimulate superoxide anion generation, on the other
hand inhibit Se-GSH-Px, seems to favour lipid peroxidation in
spermatogenic cells. However, this suggestion is perplexed with a recent
finding that gossypol can inhibit lipid peroxidation. It was reported that
gossypol could influence the erythrocyte membrane function by preventing
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the inactivation induced by ascorbic acid of a membrane bound enzyme
such as Na+-K+ ATPase through inhibition of lipid peroxidation (Sheriff.
et aL, 1987). It was shown that gossypol inhibit lipid peroxidation in a
dose dependent manner (Sheriff, 1986). Gossypol tetra-acetic acid was
believed to bind to the phospholipid-rich region of plasma membranes and
prevent peroxidation of polyunsaturated fatty acids attached to these
phospholipids. Moreover such inhibition is not specific to spermatozoal
membranes.
The problem is more profound by the existence of second type of
glutathione peroxidase which consists of protein that do not depend on
selenium for catalysis (Lawrence and Burk, 1976; Prohaska and Ganther,
1976). This class is constituted by glutathione transferases (Prohaska
and Ganther, 1977). Though it is currently not believed that the
peroxidase activity of the glutathione transferases represents their major
biological function, the contribution of the glutathione transferases to the
total peroxidase activity is especially high in rat testis (Lawrence and
Burk, 1978). It has been found that in selenium deficiency, when
Se-GSH-Px activity decrease in liver, the relative importance of the
peroxidase activity of the glutathione transferase increases.
Though glutathione transferase have complementary function with Se-GSH-
Px, inhibition of Se-GSH-Px by gossypol in spermatogenic cells is still
adverse. First, glutathione transferase have negligible activity with
H202, hence only have repair function, the role of reduce H202 to H20
still depends on Se-GSH-Px. Secondly, glutathione transferase was also
reported to be inhibited by gossypol.
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Moreover, whether inhibition of Se-GSH-Px is critical in gossypol
antifertility effect is facing another challenge. Se-GSH-Px is widely.
distributed in the body and is not specific to the gonads. In the in vitro
test, liver and erythrocytes, the two largest Se-GSH-Px pool in the
animals, were also shown to be inhibited by gossypol, though Se-GSH-Px
from spermatogenic cells seems to be more susceptible to gossypol action.
So it appears that inhibition of Se-GSH-Px in vitro is nonspecific for
spermatogenic cells. However it does not rule out the possibility that the
gossypol inhibition is different in vivo with respect to that of- in vitro.
It is well known that gossypol is highly reactive compound and favour
formation of Schiff bases with lysine residues of protein (Conkerton and
Frampton, 1959). The .transformation of pepsinogen to pepsin was
inhibited by gossypol due to binding of gossypol to its lysine residues
(Wong et al., 1972). This effect may account for most of the in vitro
activity. The in vitro inhibition of Se-GSH-Px in this experiment may
also due to gossypol nonspecific reactivity. The obvious inhibition of Se-
GSH-Px in vivo may due to gossypol effect on the enzyme production or
effect on the post-translational modification of the enzyme. Among these
the selenium metabolism may be one of the target that affected by
gossypol, as Se-GSH-Px activity was shown to be reduced under selenium
deficiency.
Though Se-GSH-Px is widely distributed in blood, gossypol may bind to
the albumin in serum and make it unavailable with respect to its
inhibitory action on Se-GSH-Px. Human serum albumin binds with very
high affinity to gossypol, KD about lxlO-9 molL (Royer and Van der Jagt,
1983). Since serum contain albumin in large excess, which will bind
gossypol, and so decrease the concentration to which the erythrocytes
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enzyme are exposed. Hence the Se-GSH-Px activity in erythrocytes may
not be affected much in vivo.
Se-GSH-Px from hepatocytes and erythrocytes was identified to be the
same (Flohe et aL, 1979), but the identity of Se-GSH-Px in testis with
that in liver and blood was not established. In different tissue, even
when Se-GSH-Px is really inhibited by gossypol, the catalase existed can
still prevent oxygen damage by reducing large portion of H202 to H20.
Though Se-GSH-Px activity appears to be inhibited by gossypol both in
vivo and in vitro, its importance in gossypol antifertility action still need
to explore, as inhibition was shown to be nonspecific to spermatogenic
cells in vitro. Also the relative importance of glutathione transferases
after Se-GSH-Px was inhibited by gossypol need further investigation.
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CHAPTER 3 EEEEGT OF GOSSYPOL ON HAMSTER SELENIUM STATUS
I. Introduction
In chapter 2, it has been shown that gossypol selectivity inhibits the
activity of a selenium dependent enzyme glutathione peroxidase (Se-GSH-
Px, Ec 1.11.1.9) in hamster. Though the pathway that involves Se-GSH-
Px is unlikely to be the only one that metabolizes selenium, it is the
most extensively studied one and by far, the best documented function of
selenium in mammals (Diplock et al., 1973; Shamberger, 1983). Se-GSH-Px
is the only selenium dependent enzyme known in mammals, while other
selenium dependent enzymes were reported in bacteria (Stadtman, 1974a;
1974b; Turner and Stadtman, 1973; Wagner and Andreesen, 1979;
Hartmanis, 1980). Since the activity of Se-GSH-Px depends on the
amount of biologically available selenium in the diet, it has been used as
an indirect measurement of selenium status in man (Thomson and Duncan,
1982). Hence, to determine the biopotency of selenium compounds, and to
study selenium metabolism, the measurement of tissue Se-GSH-Px can be
used in view of its high sensitivity (Sunde et al., 1982). The fact that
gossypol inhibits the activity of Se-GSH-Px opens up the possibility that
it may affect selenium metabolism in one way or the other in mammals
the decrease in enzyme activity may have stemmed from a reduction
of the animal selenium status. With this working hypothesis in mind, the
effect of gossypol on hamster selenium status is studied and reported in
this chapter.
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A. Route of Selenium Absorption
Selenium is absorbed from the gastrointestinal tract. The amounts
absorbed and its distribution within the body vary with the species, the
chemical form and the amount of the selenium compounds ingested.
In studies of selenium metabolism with 75Se in sheep and swine, Wright
and Bel-l found that the duodenum is the main site of absorption of
selenium and there is no absorption from the rumen or abomasum of
sheep, or the stomach of pigs (Wright and Bell, 1966). About 35% of the
ingested 75Se isotope was absorbed in sheep and 85% in pigs, when
rations containing 0.35 and 0.5 ppm Se, respectively, were consumed. In
rat, the intestinal absorption after oral administration was estimated to
be 91% to 93% for selenite and 95% to 97% for selenomethionine (Thomson
and Stewart, 1973). In human most selenium compounds are very
efficiently absorbed from the duodenum and proximal jejunum (Stewart et
al., 1978; Young et al., 1982; Levander, 1984). This suggests that there
is no mechanism to restrict the absorption of these compounds (Levander,
1982). Thomson and Stewart have studied the metabolism of 75Se in
three young women and found that the intestinal absorption of 75Se
selenite by the three subjects was 70%, 64%, and 44% of the dose
(Thomson and Stewart, 1974). Monogastric animals have a higher
intestinal absorption of selenium than ruminants, probably due to the fact
that selenite is reduced to insoluble compounds in the rumen that make it
less available to the animals (Cousins and Cairney, 1961).
In selenium deficiency, a greater tissue demands for the selenium is
observed and 75Se is more efficiently retained from those fed on
selenium-supplemented diets (Jensen et al., 1963; Burk et al., 1968; Lopez
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et al., 1968; Wright arid Bell, 1964). This inverse relationship of 75Se
retention with dietary level of selenium have been demonstrated both in.
lambs and rats (Lopez et al., 1968).
Once selenium is absorbed, it is rapidly uptaken by the liver and
erythrocytes and return to plasma in a metabolized form (Griffiths et al.,
1976; Janghorbani et al., 1982). Erythrocytes have a specific function in
the metabolism of selenite, reducing it to a form which, after extrusion, is
able to bind to plasma protein (Sandholm, 1975; McMurray and Davidson,
1979). From the plasma proteins, selenium enters all the tissues,
including the bones, the hairs, and the red blood cells and leukocytes
(Buescher et al., 1960; Cousins and Cairney, 1961). An analysis of
subfractions of plasma and cells of human blood obtained from 254 normal
individuals have indicated that the highest selenium concentrations were
in the plasma alpha and beta-globulins (Dickson and Tomlinson, 1967). In
time-distribution studies of dogs serum proteins, it has found that
albumin is the immediate receptor of 75Se. After some time, the selenium
is released and is bound by other serum proteins, namely, alpha-2-and
beta-1-globulins (Schwarz and Foltz, 1957). Though selenium
concentration in red cells is lower when compared with other serum
proteins, McConnell and Roth have suggested that once selenium enters
the red cells, it remains there throughout their life-span, 100-120 days
(McConnell and Roth, 1962).
In chicks, 24-173 hours after crop intubation with H275SeC)g, 50-70% of
the 75Se was located in the alpha-2 and the gamma globulin fractions
(Jenkin et al., 1969). The lipid fractions of serum lipoproteins was also
firmly labelled with 75Se both in rats and in humans (Hirookan and
Galamboz, 1966).
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B. Metabolic Pathway of Selenium in Mammals
With the studies on biopotency of different selenium compounds, a general
pathway for selenium metabolism was proposed by Sunde and Hoekstra
(Sunde and Hoekstra, 1980a). (Fig. 3-1). Fig.3-1 shows that
selenomethionine has two fates: incorporation into general body proteins
or degradation. In a very simplified way, selenium metabolism can be
described as follows: selenite, selenate, selenomethionine, selenocysteine
and selenocystine are reduced via enzymatic and nonenzymatic steps, both
involving glutathione, and converted to selenide: HSe~ (Hsieh and
Granther, 1975). It is this central compound, selenide, that correspond to
the form of selenium that incorporated into Se-GSH-Px. The incorporation
is postulated to be a post-translational reaction (Sunde and Hoekstra,
1986b). However, more recently, it is found that a UGA opal stop condon
is used to specify the cotranslational insertion of selenocysteine into
proteins (Stadtman, 1987). A more direct proof that the TGA stop condon
(UGA ifi mRNA) does indeed code for selenocysteine was provided when the
gene encoding a mammalian glutathione peroxidase was shown to contain
TGA in the position corresponding to the already known location of the
selenocysteine residue in the protein sequence (Gunzler et al., 1984;
Chambers et al., 1986).
C. Elimination of Selenium from the Body
Selenium is removed from the body through excretion into the fecess, the
urine, and the expired air. In fig 3-1, if selenide is further metabolized,
dimethylselenide [SetCHgl and tri-methylselenonium ion [Se(CH3)3+] will
























Pig. 3-1 Proposed diagram of Se metabolism.
Reaction 2,3,4,5,6,7: analogus to sulfur metabolism.
Reaction 1: incorporation of Se-Met into general
proteins in place of Met; reaction 8,9: selenite
reduction pathway and susequent methylation;reaction
10: hypothetical GSH-Px selenocysteine synthase.
Adopted from Sunde et al., 1981.
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the major excretory product of selenium in feces and urine. Negligible
excretion of dimethylselenide occurs in sweat and breath (Neve et al,
1985). In monogastric animals, urinary excretion of Se is usually greater
than fecal excretion (McConnell, 1948). Urinary selenium output can
account for 55 to 60% of the total human selenium losses over a wide
range of selenium intake, 0.32-3.00 umol (25 to 235 ug) selenium per day
(Sakurai and Tsuchiya, 1975; Griffiths et al, 1976; Levander et al., 1981a;
Young et al., 1982; Levander, 1984). Elimination of selenium via the
kidney is an important feature of body homeostasis (Janghonbani et al.,
1984), as part of newly absorbed selenium is rapidly excreted in urine (2-
5 hours after injection) and does not fully equilibrate within the body
selenium compartment during this early period (Thomson and Stewart,
1984; Griffiths et al., 1976; Young et al., 1982; Janghorbani et al., 1982).
Increasing dietary selenium levels markedly increase the amount of
selenium in urine (Lopes et al., 1968). At high dietary intake of
selenium, exhalation of selenium become an important route of excretion
(Ganther et al., 1966; McConnell, 1948). Also the pulmonary excretion of
injection 75Se is increased when the protein and methionine contents of
the diet are increased. Selenium metabolism and excretion can be affected
by interactions with other compounds, such as, sulfate. The urinary
excretion of selenium following a parenteral dose of sodium selenate was
increased nearly three-fold in rats given sulfate parenterally and in the
diet (Ganther and Baumann, 1962).
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D. Distribution of Selenium in Various Animal Tissues
Selenium occurs in all the cells and tissues of the body at level that
vary with the tissue. On basis of total content, liver has been shown to
be the organ that contains the greatest amount of selenium. However, if
the tissue distribution is expressed in term of mg selenium per Kg tissue
wet weight, kidney and especially the kidney cortex, has by far the
greatest selenium concentrations, followed by the glandular tissues,
especially the adrenals, testis and liver (Behne and Hofer-Bosse, 1984).
Muscles, bones and blood are relatively low and adipose tissue are very
low in selenium (Shamberger, 1984). If the selenium level is expressed in
mg selenium per Kg dry mass of tissues, testis is the highest selenium
containing organ according to most work done on rats, since a high
percentage of water exist in this organ (Behne et al.% 1986).
Kidney and liver are most sensitive organ in the animal to the selenium
status, so valuable place of diagnostic information can be obtained from
the concentration of selenium in these organs. Normal concentration of
selenium are greater than 1.0 ppm selenium in the kidney cortex and 0.1
ppm in the liver. About one-half of this quantity indicates a marginal
selenium deficiency (Andrew et al., 1968). At high dietary selenium
intake to toxic level, the selenium concentration will jump up to 5-7 ppm
in liver and kidneys. Nevertheless, selenium is not continuously
cumulative in the tissues, for excretion begins to keep pace with
absorption beyond this tissue levels (Cousins and Cairney, 1961).
Besides the change of level with tissue type, selenium levels in the body
also change with the level of selenium in the diet. New Zealand have low
content of selenium, and Stewart et al have shown a body pool size of
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0.05-0.13 mmol (4-15 mg) for New Zealanders (Stewart et al., 1978).
However, Sehroeder et al have estimated a body pool size of 0.17-0.25
mmol (13-20 mg) selenium for Americans (Sehroeder et al., 1970).
In this chapter, the study of gossypol effect on the distribution of
selenium in various tissues are presented. Since there is an obvious
interest for our study of fertility, a careful measurement of selenium
change'in the spermatogenic cells and spermatozoa are also included.
II. Materials and methods
A. Materials
1. Reagents
The following chemicals were purchased from Sigma Chemical Co. (U.S.A.),
2,3-diaminonapthalene, DAN; EDTA (tetrasodium salt); Hydroxylamine
hydrochloride; Sodium selenite; Methyl orange. Nitric acid, S.G. 1.41;
Hydrochloric acid, S.G. 1.16; and Ammonium hydroxide, S.G. 0.880 were
purchased from Koch-light Limited (U.K.). Perchloric acid, 70-72% were
purchased from Merck Chemical Co. (West Germany). Sodium chloride was
purchased from Riedal-de Haen Chemical Co. (West Germany). All the
above chemicals were of analytical grade.
2. Equipments
A heating block made of aluminum was used in the experiment for
digestion of the samples. It was 35 mm thick, 180 mm diameter, drilled to
contain 41 holes, 16 mm diameter and 30 mm deep for the accommodation
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of the digestion tubes. It was also equipped with a removable aluminum
shields, 50 mm high and a thermometer. Pyrex test tube, 15 x 100 mm
were used as digestion tubes in the experiment.
3. Experimental Animals
Male Chinese golden hamsters (.170-250 g) raised under standardized
laboratory conditions in an air-conditioned animal room with lights on
from 0600 to 2100 hours were used. Commercial diet with adequate
amount of selenium and vitamin E were used (Rodent Laboratory Chow
5001, Labchows, Purina Mills, Inc.).
B. Methods
1. Drug Treatment
To find the gossypol effect on hamster selenium status, gossypol dissolved
in corn oil was administered orally to male hamsters with a dosage of 10
mgKgday (6 days per weeks) for a period of 3 to 60 days. The control
animals were force-fed with corn oil alone. At different time intervals
(3, 25, 42 and 60 days after treatment), the hamsters were sacrificed and
different tissues were removed. Spermatogenic cells and mature
spermatozoa were isolated from the testis and the epididymis respectively.
After washing, the cell was sonicated with the ultrasonic cells disrupter
and lyophilized accordingly. Approximately, 20 mg lyophilized sample
were weighed accurately for fluorometric assay of selenium. The mean
values of selenium levels of control and experimental animal tissues were
compared with student t' test.
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2. Fluorometric Assay for Selenium
Selenium content of the sample were determined by fluorometric method
using 2,3-diaminonaphthalene. The method are based upon measuring the
fluorescence of the compound (4,5-benzopiazselenol) formed specially by
reaction of selenious acid with 2,3-diaminonaphthalene. The procedure
was adopted from Bayfield and Ronalis (Bayfield and Ronalis, 1985). The
experimental protocol was outlined in Fig. 3-2.
Digestion mixtures were prepared by mixing concentrated nitric acid with
concentrated perchloric acid in a 1:1 ratio (vv). masking reagents were
prepared by mixing the following 3 components and diluted to 1 liter, (a)
2.5M EDTA, 8 ml; (b) 0.69M NlOH.HCl, 500 ml; (c) 0.05% aqueous methyl-
orange, 40 ml. 0.1% DAN solution was prepared in 0.1 N HC1 immediately
before use. Day light was excluded during the preparation and the use of
DAN reagent. All solutions were prepared with double distilled water.
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Fig. 3-2 Protocol for fluorometric assay for selenium
with 2,3-Diaminonaphthalene
Weighed about 20mg lyophilized tissue and place in the
digestion tube
Added 3 ml digestion reagen-
Heated for 2-2.5 hours with temperature gradually rsised
from 100 C to 180 C but never exceed 210 'C
Cooled the remaining 1 ml HCIO
Added 0.4 ml 5N HC]
Heated at 130- 150'°C for 15 min.
Cooled and added 2 ml masking reagent
Added 7.5 NH„OH dropwise until yellow color was formed
Added 1 N HC1 dropwise until first definite pink color
appeared
Diluted to 9 ml with double distilled water
Added 1 ml freshly prepared DAN sulution (day light excluded)
Mixed in the vortex mixer
Incubated at 50 C for 30 min.
Cooled and added 3 ml cyclohexane
Mixed for 30 min. and stood for 30 min.




The tissue selenium content after 42 days of gossypol treatment compared
to that of the control were shown in Fig. 3-3. It is obvious that liver
have the highest selenium content (about 8 mgKg dry mass) followed by
kidneys and adrenals glands (about 6-7 mgKg dry mass). Spermatozoa
and spermatogenic cells have moderate amount of selenium (about 3-4
mgKg dry mass)among the tissue being studied. Thymus has the lowest
selenium content (about 1.75 mgKg dry mass). The results show that
unlike reported values in rats, hamster gonad are unexpectedly low in
selenium content. In the same figure, and also expressed clearly in table
3-1, the selenium contents of all organs except liver increase after 42
days of gossypol treatment, whereas liver shows nearly the same values
as the control, or a little decrease. A study of these results with
'student t' test indicates that none of the experimental values shows a
difference from the control significantly with p0.01.
In order to study more carefully the concerned tissue under gossypol
treatment, selenium content of spermatogenic cells and spermatozoa at 4
time intervals are taken for comparison and the result are depicted in fig.
3-4. The percentage changes between the control and the experimental
animals are calculated at table 3-2. For the period up to 60 days under
investigation, there is hardly any change in the selenium level in both
the two gamete cell types. The 'student t' test for the results from 4
time intervals indicate the difference between control and experimental
animals are not significant.
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Fig. 3-3. Tissue selenium content after 6 weeks of gossypol treatment.
Gossypol was administered orally to male hamsters with a dosage of 10
mgKgday (6 days per- week) for 6 weeks. Lyophilized tissues from
kidneys, spleen, thymus, adrenals, sperm, spermatogenic cells and liver
were used for fluorometric assay of Se content. Selenium content were
presented as mean+S.E. (n=3). The selenium content of control and
gossypol treatment animal samples were represented by and
respectively. There are no experimental results that are significantly
different from that of the controls with P0.01.
Selenium Content (mgKg dry wt.)
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Fig. 3-4. Gossypol effect on selenium content of spermatozoa and
spermatogenic cells. (A) Spermatozoa from epididymis; (B) spermatogenic
cells from testis. Gossypol was administrated orally to male hamster with
a dosage of 10 mgKgday (6 days per week). Each point in the figure
represent means ;+S.E. of three separate measurement. The selenium
content of the control and gossypol treated animal samples was
represented by and respectively. Selenium content were


























0 20 40 60
Days of Gossypol Treatment
£
Table 3-1 Gossypol effect on selenium content in tissues of hamster (with
rat for normal distribution comparsion)
Tissue Selenium Content












































a. Gossypol was administered orally with 10 mgKgday (6 daysweek) for 6 weeks
b. Selenium was determined by the fluorometric method
c. Taken from Behne and Wolters, 1983
















Table 3-2 Gossypol effect on selenium content in
spermatozoa and spermatogenic cells
Spermatozoa from epididymis
Days of treatment3 3 25 42 60
Control Se content
Experimental Se content
2.98+ 0.44 3.35± 0.23 3.04± 0.23 2.50± 0.05
2.84+ 0.37 3.31+ 0.21 3.24± 0.25 2.33± 0.08
% Change
Eerijienfcaltntrol
-4.7 -1.2 +6.6 -6.8
Ctntrol
Spermatogenic cells- from testis
g
Days of treatment 3 25 42 60
Control Se content 3.56± 0.42 3.35+ 0.32 3.99± 0.17 4.36± 0.11
b
Experimental Se content 3.38± 0.30 2.92± 0.28 4.37± 0.39 4.53± 0.13
% Change
Experureiilaltntrol
-0.1 -12.8 +9.5 +3.9
Ctntrol
a. Gossypol was administered orrally with 10 mgKgday
(6 daysweek)
b. Se content was determined by flurometric method and
expressed in mg SeKg dry mass
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IV. Discussion
A comparison of the distribution trend of selenium in both animal types
indicate a change particularly large in the male gonads. It seems that
hamster has an unusual low selenium level when compared to other
common rodent species as well. Our present understanding is that
hamster has a high gossypol antifertility sensitivity compared to most
other mammals. Whether the unusual trend has a significance in the
unraveling of the nature of gossypol antifertility mechanism is still being
persued in our laboratory. But additional results done by our group has
shown an animal species, jerboa, which after examination, has a high
content of selenium in the testes coupled with a lack of sensitivity
towards gossypol (data not shown). This will be followed more closely in
future work.
After 42 days of gossypol treatments, there is no significant change in
tissue selenium content in all tissue types. Very likely gossypol has no
effect on the gross selenium content of all organs in hamster under the
treatment conditions. Neither is there any significant change in the
amount of selenium present in spermatozoa and spermatogenic cells,
observed in a prolonged 60 days period. Nevertheless, this results have
not yet completely ruled out a possible link between gossypol and
selenium metabolism.
In rat experiments, a regulatory mechanism that can maintain the selenium
content in testes at a certain level has been demonstrated, disregard a
marked decrease in the selenium content and in the Se-GSH-Px activity in
the extragonadal tissues (Behne et al., 1982; Behne and Walters, 1983).
This means that some components in the system, preferably a
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macromolecular moiety, can control the amount of the selenium content in
the organ. If this regulatory mechanism is somehow affected by gossypol,
accordingly, the preferential supply of the element to the male gonad will
be disturbed, leading to a decrease in the element level in the gonad.
But the time when the regulatory system is affected (inhibited) does not
necessary come hand in hand with the onset of gross selenium tissue
level change. 60 days may in fact not be long enough to have the
selenium level change developed but barely good enough to upset the
regulatory system that generates sufficient effect on the antifertility
action. Since selenium has been reported to have a very long biological
half-life in the male gonad (Wu, 1972), it is not unusual that no obvious
changes is noted during the 60 days gossypol feeding period. In any
case, the measurement of the gross selenium content is then not a
suitable and sensitive monitoring system for gossypol antifertility action
on selenium metabolism. However, the regulatory mechanism was
demonstrated to be under hormonal control (Behne et al., 1982). As
gossypol action on male reproductive system was believed not hormonal
related, it seems that the selenium regulatory system is not the target of
gossypol action. Judging from the result that no significant change has
been detected in total selenium content after a long period of gossypol
treatment, even though a delay effect of the damage regulatory system
may still be possible, it does seem that selenium change is not the main
cause of gossypol antifertility action, but rather a consequence of the
defect in the regulatory system. This is not persued further.
Alternatively, there is another possibility that gossypol does indeed affect
a regulatory mechanism that is related to fertility, such as the enzyme
Se-GSH-Px. In this case, even through Se-GSH-Px is a key seleno-
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containing enzyme in the gonad, its abundance is about 1% of selenium
present (Behne and Walters, 1983; Behne et al., 1986). In the previous
chapter, we have shown that Se-GSH-Px is particularly sensitive to
gossypol inhibition in hamster gonad. Either a blockage of this enzyme
biosynthesis or an inhibition in its activity will lead to a physical
damage to the midpiece membrane development. But a 1% protein change
will definitely not been detected by our gross selenium detection assay.
In order to closely watch any change in the selenoproteins, at least one
of which is Se-GSH-Px, experiments aiming at the detection of molecular
species are designed. This is followed in next chapter.
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CHAPTER 4 EFFECT OF GOSSYPOL ON THE STRUCTURAL SELENOPROTEIN
OF HAMSTER SPERMATOZOAL MITOCHONDRIA CAPSULE
I. Introduction
Selenium is a vital element in the mammalian male gonads (Behne et al.,
1986). It is an essential components of glutathione peroxidase, which is
the only hydrogen peroxide detoxicating enzyme in the gonad. In this
enzyme, selenium is a substitute for sulphur. Besides that, selenium is
shown to specifically incorporated into a structural protein on the sperm
mitochondrial capsule (Calvin et al., 1981; Pallini and Bacci, 1979). In
chapter 2, it has been shown that gossypol inhibits the Se-GSH-Px
activity. In spite of the absence of any significant change in gross
selenium metabolism in gossypol treated hamster, there is still a
possibility that gossypol may affect the formation of the specific
selenoprotein on the mitochondrial capsule. This possibility is hence
being studied in this chapter.
A. Effect of Selenium Depletion on Reproduction
The essential role of selenium in normal spermatogenesis has been
demonstrated in rats, mice, and boars (McCoy and Weswig, 1969;Sprinker et
al., 1971; Wu et al, 1973; Wallace et al., 1983a; Liu et al., 1982). Even
though the morphology and motility of rat sperms were still normal, after
the animal had been fed with selenium deficient diet (less than 0.02 ppm)
for four months, half of them produced sperms that were completely
nonmotile if the selenium depletion was maintain for up to eleven months.
Under light microscope, the defected spermatozoa showed evidence of
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characteristic midpiece abnormality (Wu et al., 1979). This selenium minus
spermatogenic defect was more evident in second-generation selenium
deficient male rats (selenium deficient rats born to females on a selenium
deficient diet), in which testicular atrophy with aspermatogensis was
generally observed (Sprinker et al., 1971). Though active spermatogenesis
was still taken place, spermatozoa from cauda epididymis had poor motility
with .most of which showing breakage of the fibrils in axial filaments (Wu
et al., 1973). McCoy and Weswig had found that 5 out of 8 second-
generation selenium deficient male rats produced immotile spermatozoa
with separation of heads from tails (McCoy and Weswig, 1969). It was
found that dietary supplementation with alpha-tocopherol or other
antioxidants did not alleviate the symptoms of selenium deficiency (Wu et
al., 1973), indicating that the role of selenium on sperm motility is indeed
specific and cannot be substituted by antioxidant.
In mice, Wallace et al. showed that sperm production in mice did not
decrease immediately after selenium deficiency (Wallace et al., 1983a).
First generation selenium deficiency males displayed normal contents of
epididymal spermatozoa. Abnormalities of spermatozoa only displayed in
severe selenium deficiency, i.e. in second-generation selenium deficient
males. Though mice showed a similar spermatozoa abnormalities, mouse
sperm samples that contained over 90% grossly abnormal spermatozoa
suffered only a partial loss of motility. Therefore, severe selenium
deficiency, though detrimental to sperm morphology and viability, is not
incompatible with fertility in mice (Wallace et al., 1983a). Similar to the
studies of rodents, increase in the percentage of tail defects in
spermatozoa from cauda epididymis under selenium depletion was also
observed in infancy boars (Liu et al., 1982). Tail defects included acute
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bending, enlargement of the neck region, and unusual constriction in
principal piece and midpiece. In general, the defect is structural and
related to the morphology of the sperm. These findings suggest that
selenium plays a specific role in normal sperm tail development.
B. Ultrastructural Studies of the Effect of Selenium Deficiency on
... Spermatozoa
The damage of selenium deficiency in the spermatozoa was oriented
towards the sperm midpiece and appeared to affect the membrane system,
at least in the outer membrane, of the sperm structure (Wu et al., 1979).
Damage in some cases was extensive, but did not appear to affect the
head portion of the spermatozoa.
Under electron microscope subtle disorientation of the mitochondria within
the midpiece sheath can be observed in defected sperms, from moderately
(i.e. first-generation) selenium deficient mice. Mitochondrial profiles are
in general smaller and rounder and the stacking of mitochondria appears
to be slightly more crowed and irregular. The close juxtaposition of
midpiece and principal piece, both in the neck and annulus regions, and
the absence of the plasma membrane between these two closely apposed
tail segments are noteworthy. Besides from severe disorganization of the
mitochondrial sheath and grossly atypical mitochondrial profiles, additional
defects in the organization of tail can also be observed. They include,
disorientation of the axoneme and dense fibers, excess cytoplasmic masses
that sometimes contain more than one tail cross section, missing dense
fibers in the principal piece region, and excess cytoplasm associated with
the midpiece at various levels.
GossypolStructural selenoprotein
The above defects would be magnified in the second- and third-
generation selenium deficient mice where disruption of the distal portion
of the mitochondrial sheath is especially severe. Also, absence of a
considerable number of mitochondria has been suggested to exist due to
selenium depletion based on the observation of large gap between
mitochondria and fiberous sheath (Wallace et al.t 1983a; 1983b).
In order to confirm the specific function of selenium on spermatozoa
mitochondria, spermatozoa mitochondrial ghosts of normal and selenium
deficient mice were compared. In contrast to the unusually stability of
the normal spermatozoa mitochondrial ghosts which retain a characteristic
crescent shape, spermatozoa mitochondrial ghosts from selenium deficient
mice were smaller, less curved, and more fragile.
The irregularities of mitochondria conformation and overall arrangement
found in epididymal spermatozoa, were also displayed in midpiece sheaths
of mature (step 16) spermatids from severely selenium deficient mice.
Thus, it seems that the abnormalities seen in epididymal spermatozoa were
already manifested in late spermatids (Wallace et al., 1987).
C. Incorporation of 75Se into Sperm Tail Structural Proteins
The tissue retention of a submicrogram dose of 75Se03-2 was studied in
rats fed a low selenium Torula yeast diet (Brown and Burk, 1973). It was
shown that the testis-epididymis complex contained 41.8% of the total
body 75Se at 3 weeks after experiment. The testis reached its activity
peak at 2 weeks followed by a peak in the epididymis at 4 weeks,
suggesting 75Se was specifically incorporated into the spermatozoa.
Autoradiography demonstrated that 75Se concentrated in the midpiece of
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the epididymal sperm.
75Se retention was shown to be highly correlated with sperm concentration
throughout the epididymis in bull (Smith et al., 1979). The appearance of
75Se in the ejaculated spermatozoa approximately 20 days following i.v.
injection of 75Se-selenite indicated that selenium was incorporated by the
spermatid.
Similar studies on the incorporation of 75Se into the spermatogenic
pathway of mice and rats were performed by Gunn et al. (Gunn et al.,
1967; Gunn and Gould, 1970). They showed a peak activity of 0.3% of
the dose per gram in testis at 1 week followed by 0.47% in the caput
epididymis at 2 weeks, 0.64% in the corpus epididymis at 3 weeks, and
0.97% in the cauda epididymis at 4 weeks in rats (Gunn and Gould, 1970).
Gould has suggested that 75Se is probably incorporated into late
spermatocytes or early spermatids and that 75Se is not directly
incorporated by spermatozoa residing in the epididymis.
When ejaculated bovine spermatozoa were subjected to repeated freezing
and thrawing in distilled water, the selenium retained with the
spermatozoa. Because 75Se was not released upon rupture of sperm
membranes but remained with the more insoluble components of the
spermatozoa, it was suggested that selenium is incorporated in the keratin
like proteins of the heads and tails (Smith et al., 1979). This structural
role of selenium was confirmed by Calvin, who found that incorporated
75Se is associated almost exclusively with a 17,000-15,000 dalton
polypeptide not related to glutathione peroxidase (Calvin, 1978).
Preliminary studies on the localization suggested that the
selenopolypeptide is situated in the keratinous tail fraction enriched in
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mitochondrial remants and low in dense fiber content (Calvin, 1978; Calvin
and Cooper, 1979). Further investigation found that the selenopolypeptide
is identical with the major cysteine-rich structural protein of the outer
mitochondrial membranes in the rats and bull (Calvin et al., 1981a; Pallini
and Bacci, 1979).
By following the appearance of radioactivity in mature sperm following
injection of 75Se into rats, mice and bulls revealed that 75Se is
incorporated into the cysteine-rich protein mentioned above in
spermatocytes and the incorporation continues during early
spermatogenesis (Gunn and Gould, 1970; Gunn et aL, 1967; Smith et al.,
1979). Wallace et al. re-examined the kinetic problem in rat and found
that the rates of selenoprotein synthesis was high during step 7-12 of
rat spermatogenesis, a period which encompasses the initation of spermatid
elongation, and the synthesis must ceased during step 15, a period which
mitochondria assemble into a sheath that surround the upper portion of
the sperm tail (Wallace et al., 1987; Iron and Clermont, 1982).
Studies on sperm proteins with two dimensional electrophoresis indicated
that the selenoprotein appears to be identical with mitochondrial capsule
protein, MCP (Calvin et al., 1981). This unique cysteine rich
selenoprotein, localized in the outer membranes of the sperm mitochondria,
may be a component solely responsible for the structural integrity of the
spermatozoa tail.
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D. Ultrastructural Studies of the Effect of Gossypol on
Spermatozoa
Under gossypol treatment, spermatogenesis did not come to a dead stop
while reduction of epididymal spermatozoal motility and a gradual
suppression of spermatogenesis was observed (Natl. Coord. Group Male
Antifertil. Agents, 1978; Dai et al., 1978). In some cases, there were
complete separation of heads and tails in the spermatozoa (Gu et al.,
1983).
Under electron microscope, the mitochondria of spermatozoa found in the
epididymis of the treated mammals appeared to be swollen and
transparent, resulting in a loss of the uniform size and regular
arrangement of the spiral sheath. There were no obvious changes in the
germ cells until they reached the late spermatid stage. In the late
spermatids, the evident change was in their midpiece. Though the
mitochondria were seriously damaged in some late spermatids, the other
structures of the spermatids remained basically normal.
When compared to the fertility capacity of sperms from selenium deficient
mammals, it appears that those from gossypol treated mammals also share
a common symptom a system of having the integrity of spermatozoa
mitochondrial outer membrane damage due most likely to a defect in the
selenium metabolism. In the two known functions of selenium in the male
gonads, gossypol has already found to affect Se-GSH-Px activity, but
whether the selenoprotein in the mitochondrial capsule is also affected is
unknown. By separating germ cells at different stages of development
from control and gossypol treated hamsters, the detail selenium metabolism
at cellular level will be shown. This adds to our understanding of
gossypol antispermatogenic action which is also the main purpose of this
chapter.
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II. Materials and Methods
A. Materials
All the reagents used were of analytical grade. The following reagents
were purchased from Sigma Chemical Co. (U.S.A.): dithiothreitol (DTT);
EDTAv (tetrasodium salt); ammonium persulfate; N.N.N'.N'-
tetramethyethylenediamine (TEMED); Coomassie Brilliant Blue G; Trizma
base and glycine. The following reagents were purchased from Pharmacia
Fine Chemicals (Uppsala, Sweden): high molecular weight calibration kit
containing thyroglobulin, ferritin, catalase, lactacte dehydrogenase and
albumin; low molecular .weight calibration kit containing phosphorylase b,
alumin, ovalbumin, carbonic anhydrase, trypsin inhibitor and alpha-
lactalbumin; acrylamine; and N.N'-methylene bisacrylamide. Sodium
hydroxide; dipotassium hydrogen phosphate were purchased from Merck
Chemical Co. (West Germany). Potassium dihydrogen orthophosphate were
purchased from BDH Chemical Ltd. (U.K.). Sodium chloride; disodium
hydrogen phosphate- 12-hydrate; sodium dihydrogen phosphate-2-hydrate,
methanol were purchased from Riedel-de-Haen Chemical Co. (West
Germany). Hydrochloric acid, S.G. 1.16 was purchased from Koch-Light
Ltd. (U.K.).
75Se in form of sodium selenite, NagSeOg, (specific activity 4 mCimg)
was purchased from Amersham International Pic. (U.K.).
GossypolStructural selenoproteir
B. Methods
1. To Detect the Distribution of 75Se in Hamster Gonads
Twenty-four uCi of Na275Se03 in 0.05 ml normal saline was injected
intratesticularly into 170-200g mature Chinese golden hamsters which were
force-fed with gossypol (10 mgKgday, 6 days per week) in corn oil for
ll-17weeks or with corn oil alone. After 1, 7, 9, 14, 20 days, the
animals were sacrificed. The testis, caput epididymis and the cauds
epididymis were removed for radioactivity determination. Radioactivity
were determined by Gamma Counter GAMMAmatic II (Kontron Analytical
U.K.)
2. To Determine the Incorporation of 75Se in Hamsters
Spermatogenic Cells at Various Stages of Development
The testis obtained above were decapsulated. Blood capillaries were
carefully removed.' After washing twice with PBS, the seminiferous tubules
were chopped into short segments. The spermatogenic cells were obtained
by mechanical methods. Short segments of tubules in approximately 7 ml
PBS were pipetted up and down a Pasteur pipette for 20 times and allowed
to sediment. After 5 minutes the sedimented tubules were discarded. The
tubules-free upper cell suspension was centrifuged at 4°C for 15 minutes.
This cell pellet resulted was washed twice with PBS and resuspended on 5
ml 5 mM EDTA. 30 ml (2.5xl06 cellsml) cell suspension were prepared in
5 mM EDTA for cell separation.
Cell separation was performed by velocity sedimentation using EDTA
gradient. (For detail see appendix lb). Approximately 28 ml cell
suspension were injected into the bottom of the sedimentation column (7.2
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cm diameter, 12 cm height) using a syringe followed by generation of a
EDTA gradient (10 mM to 30 mM) from the bottom of the column (Fig. 4-
1). The cell band floating on the top of the gradient were allowed to
sediment under unit gravity. After 3 hours, 42 fractions each of 11.5 ml
were collected. The enriched population of different cell types in each
fractions were determined for radioactivity. All EDTA solution was
prepared in PBS.
3. Separate the Structural Components of Spermatozoa
Epididymis from hamsters that had received a testicular injection of 75Se
for 20 days were used. Isolation of mitochondrial vesicles was performed
by procedure adopted from Calvin (Calvin, 1978). Mature sperm were
expressed from the cauda epididymis and treated according to the steps as
outlined in the protocol listed in Fig. 4-2.
4. Analysis of Structural Proteins by SDS-Polyacrylamide Gel
Electrophoresis
SDS-Polyacrylamide gel electrophoresis was performed using Laemmli
discontinuous buffer system (Laemmli, 1970). Slab gel of 150 mm long,
160 mm width and 2 mm thick was used. A 12.5% acrylamide separating
gel (11 cm long) and 3.85% acrylamide stacking gel (30 mm long) were
both prepared in presence of 0.1% SDS. Structural proteins isolated
(pellet-1, pellet-2) and lyophilized supernatant 1 were boiled for 5
minutes in 50 ul sample buffer of 1% SDS, 5% 2-mercaptoethanol, 0.05M
Tris HC1, pH7.5. 5ul 0.05% bromophenol blue and 30 ul of 50% glycerol
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Fig. 4-2 Protocol for separation of different
structural components from spermatozoa
Intact spermatozoa
Incubation for 2-3 hours
in 1% SDS, 0.20mM DTT,















minutes at 120V for stacking gel, then 140 minutes at 150V for separating
gel. After electrophoresis, 1 mm gel slice were cut from separating gel
and assayed for radioactivity in a gamma counter. The stacking gel was
assayed separately as an intact unit.
III. RESULTS
A. Distribution of 75Se in Different Parts of the Male Gonads
The distribution of 75Se in testis, caput epididymis and cauda epididymis
following intratesticular injection of 24 uCi sodium selenite in the testis
is presented in Fig.4-3. The distribution patterns up to 20 days
aresimilar in both the gossypol treated group and the control group. In
both groups, the total level of 75Se decline rapidly during the first 7
days postinjection followed by a gradual decrease in the rate. Two
turnover kinetics appear to have existed. Approximately, the half life of
75Se in the gonad is about 6.8 days as manifested by the decline curve
in the testis. In spite of a slower rate observed in the later part of the
experiment, there is a 25% remain after 20 days.
The migration of the 75Se is also depicted by the 3 sets of curves in
both groups. The selenium content in the caput very rapidly reaches an
equilibrium, and then passes onto the caudal portion of the epididymis,
while that in the testis continues to drop. Apparently, this shift in the
labelled content may suggest that this is a net result of the path of
spermatozoa development by passing from the testis to the epididymis.
The passage more or less stop at the caudal portion where the sperms are
stored for ejaculation. It appears quite obviously that the patterns of
the distribution curves in both groups are very similar and there is not a
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Fig. 4-3. Distribution of 75Se among testis, caput epididymis and cauda
epididymis. 24 uCi of Na275SeOg was injected intra-testicularly at day 0,
the radioactivity of the organ were expressed in CPM x 10~6. Values
shown are the mean value of three repeated determinations. At the scale
used in the figure, the three measurement are essentially
indistinguishable. Total; testis; cauda epididymis;
































































quantitative or a qualitative difference between the two sets of
experiments. This may indicate that the amount of labelled protein as
well as the gross morphology of the sperms in both groups are indifferent.
Table 4-1 evaluate the same data but express in ratios to bring out
clearly if there is any difference. The ratio at week 2 (14 days) may be
a little off the scale, but since on further observation, the value returns
to similar index suggesting that the slight off-scale ratio may just be
experimental fluctuation. And there is indeed no macroscopically
observable selenium distribution different between treated and control
hamsters.
B. Incorporation of 75Se among Various Spermatogenic Cell
Types During Spermatogenesis and the Evolution of the
Labelled Species
75Se incorporation in different spermatogenic cell population separated by
sedimentation for cells obtained at 1-20 days after labeling in both
treated and control animal groups is depicted in Fig. 4-4. It appears
that there is no significant difference in the 75Se incorporation pattern
between gossypol treated and control animals monitored 5 intervals after
labeling.
Two dominant radioactivity peaks were observed through out the entire
period of studies (even though the magnitude fade out with time). Peak
at fractions 18-24 was dominant 1 day postinfection, however, peak at
fractions 36-42 became more important 7-9 days postinjection, while a
gradual decrease is observed in the activity recorded at fractions 18-24.
At days 14 and 20 postinjection, only a limited amount of 75Se could be
observed in the peak region observed in early time (fractions 18-24 and
75'
Table 4-1 Ratio of gossypol to control in Se retention in testis, caput epididymis
and cauda epididymis after I.T. injection of 24 uCi sodium selenite


















































































Fig. 4-4. Radioactivity profiles of spermatogenic cells followed cell
separation by velocity sedimentation. 24 uCi 75Se was injected
intratesticularly at day 0. Panel (A-E) represent the gossypol effect on
the radioactivity profile change with time. Panel (M-Q) represent the
normal radioactivity profile change with time in the control animal
samples. Radioactivity were determined in each fractions and expressed
in CPM per fraction. (A and M), 1 day; (B and N), 7 days; (C and O), 9
days;' (D and P), 14 days; (E and Q), 20 days postinfection of 75Se.
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36-42). A slight difference, however, was noted to exist in the elution
profile in day 1 and day 7 postinjection between the gossypol treated and
the control group samples. The gossypol treated group showed an unusual
peak activity in fractions 4-10 and the relative importance increased from
day 1 to day 7 postinjection. However the peak disappeared or
unidentified thereafter.
C. Profile of Spermatozoa Structural Proteins Studied by
SDS-Polyacrylamide Gel Electrophoresis
Following intratesticular 7Se administration, 13.9% and 11.8% of the
counts were recovered 20 days postinjection in the cauda epididymis of
gossypol treated and control hamsters respectively. The distribution of
75Se among different structural components isolated from cauda epididymal
spermatozoa were summarized in table 4-2. In the control animals most
of the sperm label was associated with pellet-2 (50%) which correspond
to mitochondrial vesicle and dense fibers fragments (Calvin, 1978). On
the contrary, more than 60% of the total sperm 75Se remained in the
supernatant of the gossypol treated animal sperm, whereas its pellet-2
only retained 30% of the sperm selenium. In the table, pellet-1 (which
corresponds to dense fiber and connecting piece fraction) retained 8% and
21% of the total sperm 75Se in the gossypol treated and control animals
respectively.
The SDS-polyacrylamide gel electrophoresis pattern of the structural
proteins is shown in Fig. 4-5. Distribution of injected 75Se in each
fractions is depicted in Fig. 4-6. Only one significant radioactive
component (with different intensity in different preparation) was observed
in all lanes and yet all of which electrophoresis with an identical
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Table 4-2 Retention of Se by spermatozoal tail
fractions prepared from intact spermatozoa
Fractior Content a 7Se retained1?
CPM(% total)




(100,000gx60min.) dense fibers fragments
Supernatant-1 Others
(100,000gx60min.)
19624 (8%) 44212 (21%)
72402 (30%) 102838 (50%)
150066 (62%) 59476 (29%)
a. From Calvin, 1978
b. 87 and 90% recovery from the epiidymal spermatozoa
,was obtained in gossypol group and control group
respectively.
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1 2 3 4 5 6 7 8
Fig. 4-5. Staining pattern observed following SDS-polyacrylamides gel electrophoresis of
spermatozoa structural proteins. Fractions are obtained from experiment outlined in Fig.
4-2. Approximate 2 mg protein were loaded to lane 1 and 2, 1.5 mg protein to lane 5 and
8, and 1.0 mg protein to lane 4 and 7. Lane Is supernatant-1 frcm control animal; lane 2;
supernatant-1 from gossypol treated animal; lane 3: high molecular weight proteins
standard; lane 4: pellet-2 frcm gossypol treated animal; lane 5; pellet-2 from control
animal; lane 6: low molecular weight proteins standard; lane 7: pellet-1 from gossypol
treated animal; lane 8: pellet-1 from control animal. All bands shown to be associated
with Se radioactivity was marked with.
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Fig. 4-6. Electrophoretic distribution of incorporated 75Se in
polyacrylamide gel shown in Fig. 4-5. Plot indicates recovery of CPM in
successive 1 mm slices of the separating gel up to and including the
tracking dye front. The stacking gel was assayed separately. Recovered
radioactivity: (A) supernatant-1 from control animal, gel from lane 1:
separating gel, 800 CPM; stacking gel and remainder 10 CPM; (B) pellet-2
from control animal, gel from lane 5: separating gel, 3636 CPM; stacking
gel, 30 CPM, remainder 10 CPM; (C) pellet-1 from control animal, gel from
lane 8; separating gel, 1238 CPM; stacking gel, 50 CPM, remainder 10
CPM; (X) supernatant-1 from gossypol treated animal, gel from lane 2:
separating gel, 1050 CPM; stacking gel and remainder 10 CPM;
(Y) pellet-2 from gossypol treated animal, gel from lane 4: separating gel,
1519 CPM; stacking gel, 40 CPM; remainder 10 CPM; (Z) pellet-1 from
gossypol treated animal, gel from lane 7: separating gel, 208 CPM, stacking
gel and remainder 10 CPM. Background count of 170410 CPM were




































mobility. This mobility suggested an approximate molecular weight of
17,500 daltons when compared with high molecular weight protein
standard.
This 75Se labelled protein was particularly dominant in lane 4 and lane 5
of the electrophoretogram. By comparison with established data, it
corresponds to the mitochondrial vesicle enriched fraction. The fact that
both samples isolated from gossypol treated and control animals sperm
bears nearly the same density (see also activity measurement recorded in
Fig. 4-6) suggests that there is no difference in its amount in the control
as well as the gossypol treated hamster. Since purification by
centrifugation is reported to be incomplete, slight intensity of the same
protein in bands corresponding to the same MW protein as revealed in
other lanes of the electrophoretogram may just reflect the same fact that
there is not change in the amount of this protein upon gossypol
administration.
IV. Discussion
The rapid removal of testicular 75Se followed by a progressive increase in
75Se level in the caput epididymal region until saturation and in the
cauda epididymal region continuously demonstrated that 75Se is
incorporated mainly into the spermatozoa. The flow of radioactivity is a
result of the spermatozoal development process which carries it down the
gonad track. This can be used as a monitor for the rate of production of
mature, morphologically intact spermatozoa in the experimental hamster.
In this case, the gossypol treatment appears to have exerted no
significant effect neither in spermatogenesis nor in the maturation
process.
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The present result in the timing of 75Se radioactivity shift among the
testis, caput and cauda epididymis is consistent with the previous reports
studied with rats, mice and bulls (Gunn and Gould, 1970; Gunn et al.,
1967; Smith et al., 1979). Both the residual 75Se radioactivity observed
in the testicular region and the close to constant level of selenium in the
caput epididymis may, however, suggested the presence of another 75Se
trapping mechanism in the testis that can get hold of the selenium
element or its compound by a rapid process but releases it with a slower
rate gradually, so as a small pool of selenium is maintained in the testis.
This gradual but steady supply of selenium can account for the residual
level of selenium in the testis 20 days postinjection of 75Se and the close
to saturation level of-selenium incorporation in the epididymal caput
region. Experimented with rats, Wallace did also observe an appreciable
level of radioactivity remained in the caput sperm as late as 35 days
postinjection. This led Wallace group to suggested that 75Se was initially
bound to other testicular proteins rather than immediate synthesis of
75Se-labelled sperm selenoprotein (Wallace et al., 1987). Our result is
consistent with the reported one.
The 75Se retention mechanism in the testis other than the incorporation
of selenium in the selenoprotein within the testicular spermatozoa is
unknown. It appears that 75Se in the testis is incorporated into a
proteinous moiety other than the spermatozoa proteins that makes it less
available to be incorporated into the sperm at the first injection moment.
Indeed, selenium was shown to be associated with at least four proteins
in rat testis cytosol, one of which possessed Se-GSH-Px activity
(Prohaska et al., 1977). Similar observations have also been reported.
Pond et al. also demonstrated four 7Se labelled proteins in ram testis
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cytosol and five 75Se labelled proteins in bull testis cytosol (Pond et al.,
1983).
Although there is no significant change in the 75Se incorporation pattern
after gossypol treatment (Fig. 4-3), a slightly higher 75Se retention can
still be observed in the testis and the cauda epididymis 14 days
postinjection in these treated hamsters. This effect seems to manifest a
slight increase of 75Se level in the caput epididymis 9 days postinjection.
Whether these slight increase in 75Se level is a significant gossypol
action may require further investigation. But more precise mechanistic
work should relay on studies at the cellular and molecular levels.
Cell separation by velocity sedimenation enables germ cells at different
stages of development to be separated clearly for individual investigation.
When cells collected from testis injected with 75Se are separated with this
method, the distribution of radioactivity will provide an indication when
and at what stage is selenium being incorporated. Results from cell
separation indicates that cells that appeared in fractions 18-24 and
fractions 36-42 corresponding to the spermatids and spermatozoa
originated from the rapidly differentiated cells in the testis (see appendix
lb) are the ones being incorporated first. Since the major peak of
radioactivity that showed up in the fraction 18-24 corresponds to
spermatids and that spermatids are cells in which a cellular
transformation will taken place to give rise to the formation of tail in
spermatozoa, it is quite likely that the incorporated selenium is employed
for tail or related component generation. This is consistent with reported
literature done with rats (Wallace et al., 1987).
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The appearance of two incorporation peaks 1 day after selenium
administration suggests either at two different stages in the spermatogenic
process is taken up selenium or that the uptaken moiety has been
physically separated due to sedimentation steps so as two separate
fractions are recorded. As a limited pulse of selenium is used in all
these studies, the amount of radioactivity distributed at various fraction
at different periods after experiment will suggest the interrelationship of
the cell fraction in the sequence of spermatogenesis. By comparing the
distribution profile of day 7 and day 9 with that of the original day 1, it
is obvious that the outcome of the cell separated at fraction 18-24
(spermatid) will develop later to give rise to that in fraction 36-42 (early
spermatozoa). So, when this information is taken apiece with that
obtained for day 1, it is quite likely that selenium is primarily taken up
in the spermatid stage and that a considerable amount of this labelled
cell population have been mechanically or naturally developed within 24
hours to appear in the fraction 36-42. This explains why on standing (to
9 days), this peak grows larger at the expense of the major peak. The
decrease of radioactivity for all fractions is interpreted to mean a
passage of spermatozoa from testis to epididymis.
The general profile of the selenium incorporation in spermatogenic cells
are exceedingly alike between the control and the gossypol treated
hamsters except for one minor uptake at the early cell fractions (4-10)
and a shoulder in the primary peak, which correspond to spermatocytes in
the preparation for meiosis, i.e. deplotene and late pachytene, and cells of
large size respectively. This presence, however are unidentified in later
developmental stages. It is possible that the presence of gossypol delays
the dissociation of immature spermatozoa from their anchorage matrix so
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that a large cell size is observed (the shoulder). This can be a cell
component orientation problem. And yet, once the spermatozoa split from
the matrix, its gross morphology are indistinguishable from the normal.
This does not mean that the abnormality is not there. In order to study
it, most likely, a more precise detection procedure has to be used. Why
gossypol creates a selenium incorporation in the primary spermatocytes is
unknqyn.
At day 14, only a residual amount of 75Se label are observed in all germ
cell fractions, while a homogenate of testis still retain a reasonably high
radioactivity (data not shown), this suggests that a fraction of the 75Se
label in the testis is not associated with the spermatogenic cells.
»•
Therefore the possibility of 75Se incorporated into other proteins in the
testis remains.
Previous studies done in our group with different label for control and
gossypol treated spermatogenic cells followed by co-sedimentation using
the same technique gave results showing gossypol cause a shift in the
spermatogonia preleptotene peak 1 day postinjection of 14C-labelled
thymidine, a shift in pachytenes diplotenes peaks 9 days postinjection
and a retention of pachytenes diplotoes peak 12 days postinjection (see
appendix la). It seems that in all these results, gossypol gave rise to an
effect that slightly altered the morphology of the developing cells that
change the rate of the spermatogenic traffic but after all, the
spermatogenic process still come to its destination.
In the subcellular fractionation of the mature spermatozoa collected from
cauda epididymis 20 days postinjection of radioactive selenium, gossypol
reduce the 75Se amount in the mitochondria vesicle fractions (table 4-2).
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In spite of this change, the only selenoprotein that identify by SDS-
polyacrylamide gel electrophoresis is shown to be identical to that of the
control. Both proteins have the same mobility corresponding to a MW of
17,500 daltons. The result is consistent with the reported ones on rats
and bulls (Calvin et al., 1981; Pallini and Baci, 1979). Calvin et al.
identified a single selenoprotein of MW 17,000 on rat spermatozoa
mitochondria and Pallini and Bacci identified a single selenoprotein with
MW of about 20,000 dalton in bull spermatozoa mitochondria. This protein
was suggested to be a structural protein in the mitochondria of all
mammalian spermatozoa. Our result with hamster spermatozoa adds a
datum to the universality of this selenoprotein in mammals.
While an appreciable amount of radioactivity also appear in the other
fraction disregard gossypol treatment or not, all of them possess the same
MW. This is likely a contamination by the same protein that can hardly
be prevented on account of the limit of the separation process.
Nevertheless, a loss of radioactivity in the pellet fraction accompanied by
an increase in that appeared in the supernatant suggests most likely that
there is a problem in the compartmentation of the selenoprotein in the
gossypol treated animal as shown in the data, this selenoprotein cannot
retain its stability with the pellet fraction. This is a protein orientation
problem. And its recovery in the soluble matrix fraction also confirms
this.
The three sets of data taken together may very well describe a picture to
show that gossypol does not exert any effect on the amount of
selenoprotein biosynthesis in spermatogenesis, but only destroys the
normal assembly of the selenoprotein into the cell proper to give a
functional intact spermatozoa. The mechanism of the gossypol induced
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damage which eventually leads to a destruction in the cell assembly is
very likely the inhibition of Se-GSH-Px that has been reported earlier.
In summary, the results presented in this chapter can be used nicely to
reinforce the missing information that follow after Se-GSH-Px inhibition,
or more directly the result of midpiece membranous damage.
Gossypolother selenoproteins
CHAPTER 5 EFFECT OF GOSSYPOL ON SELENOPROTEINS PROFILE
FROM HAMSTER TESTIS CYTOSOL
I. Introduction
Of the two established testicular functions that involve selenium, the
incorporation of the element in a structural protein in spermatozoal tail
was shown to be not affected by the gossypol treatment in previous
chapter. On the other hand, it is found that the H202 detoxicating
enzyme, Se-GSH-Px, is seriously inhibited by gossypol in the in vivo
study. It is actually by far the most affected enzymes reported in the in
vivo system. However, how can gossypol affect Se-GSH-Px activity is yet
to be found. At present, our understanding of the selenoproteins, besides
Se-GSH-Px, in the male gonads are by far away from complete. There are
several selenoproteins in the mammalian testicular cytosol. It has been
suggested that they may be the precursors of Se-GSH-Px, the sperm tail
mitochondrial capsule selenoproteins or even selenoproteins that carry
independent function yet to be identified. In short, our knowledge of
these seleno-moieties is very limited. Although these proteins functions
and origin have not been elucidated, they are believed to be important in
the metabolic fate of selenium in the male gonads and hence, the male
fertility.
In this chapter, the effect of gossypol on hamster testis cytosol
selenoproteins is being studied.
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A. Selenoprotein in the Mammalian Tissues
Several selenium containing proteins other than the well studied Se-GSH-
Px were found in many mammalian tissues. They may be essential, but
their role in the tissue have not yet been identified. In normal
semitendinous muscles and hearts of lambs, a 10,000 dalton molecular
weight selenoprotein has been isolated(Pederson et al., 1972). Under
selenfrim deficiency condition, this selenoprotein was undetected. Because
it is related to the physiological state of the muscle, it has been
postulated to be responsible for various nutritional muscular dystrophy
that found in selenium deficiency.
Another selenoprotein, .called 75Se-P, was isolated from rat liver (Burk
and Gregory, 1982). It had an apparent molecular weight of 83,000 when
determined by gel filtration. Unlike Se-GSH-Px, which decreases in 75Se
incorporation in rat under selenium deficiency, the 75Se-P has a higher
level of 75 Se incorporation during the process. A similar proteins with
apparent molecular weight of 79,000 was also identified in the plasma.
So, it seems that 75Se-P is a unique selenoprotein, different from the Se-
GSH-Px, that can account for some of the physiological effects of
selenium.
B. Selenoproteins in Testis Cytosol
In studies on interactions between cadmium, selenium and glutathione
peroxidase in rat testis, Prohaska et al demonstrated selenium was
associated with at least four proteins of protein isolated from the rat
testis cytosol by gel filtration with Sephadex G-150 (Prohaska et al.,
1977). One of these was eluted with the void volume (VeVo= 1.0). The
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others had MW of 140,000, 16,000, arid a smaller one as calibrated against
standards. The one eluted with a void volume (VeVo 1.0) was showed to
posses Se-GSH-Px activity.
Nevertheless, the nature of many of these selenoproteins is unknown.
Even the reported MW of these proteins are still confusing as ultragel
ACA-22 chromatography of rat testis cytosol prepared four hours after
,A.
76Se treatment revealed a major selenoprotein having an apparent
molecular weight of 59,000. While selenium dodecyl sulfate polyacrylamide
gel electrophoresis indicated extensive heterogeneity of the radioactivity
with apparent molecular weight of about 57,000; 45,000 and 15,000. There
was an increase in th§ relative importance of the low molecular weight
selenoprotein as time passes was demonstrated by McConnell et al.
(McConnell et al.% 1979).
In the study of the incorporation of 75Se into semen and reproductive
tissues in bull and rams, four (VeVo of 1.1, 1.5, 2.3, 2.9) 75Se peaks
from ram testis cytosol was resolved by gel filtration (Pond et al., 1983).
The glutathione peroxidase activity was detected in peak at a veVo
value of 1.5, however, the radioactivity of this peak was reduced when
the ram was fed with selenium-deficiency diet. But the diet effect was
less severe in selenoprotein with higher molecular weight (VeVo 1.1).
Simultaneously, a gel filtration study of the bull testis cytosol resulted in
5 peaks (VeVo ratios of 1.1, 1.5, 1.9, 2.4, 2.8) instead, of which the one
with a VeVo ratio of 1.5 was shown to exhibit Se-GSH-Px activity. From
this record, it seems that there is a difference in the number of
selenoproteins in the testis cytosol between two mammalian species.
There is yet no attempt given to explain why such a diversity. No work
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of similar type has been done on male hamster and the present work is
undertaken to elucidate the testicular selenoproteins profile of this
species and to find the effect of gossypol on it.
II. Materials and methods
A. Materials
All the reagents used were of analytical grade. The following reagents
were purchased from Sigma Chemical Co. (U.S.A.): Sephadex G-150; EDTA
(tetrasodium salt); sodium azide; sucrose; glutathione reduced form; beta-
NADPH (tetrasodium salt); beta-NADH; alpha-ketovaleric acid; glutathione
•»
reductase from Bakers yeast and hydrogen peroxide. Sodium hydroxide
and dipotassium hydrogen phosphate were purchased from Merck Chemical
Co. (West Germany). Potassium dihydrogen orthophosphate were
purchased from BDH Chemical Ltd. (U.K.). 75Se in form of sodium
selenite, Na275SeOo (specific activity 4 mcimg) was purchased from
Amersham International pic. (U.K.).
B. Methods
1. Incorporation of Selenium in the Testicular Components
Mature male Chinese Golden Hamsters of 170-200 g body weight were used
for the study. For gossypol treatment, hamsters were fed with gossypol
orally at a dose of 10 mgKg per day for 6 days per week and for a
period of more than 11 weeks so that the animals were infertile. In order
to load these hamsters with '°Se, lOOul of sodium selenite salt solution
containing 24 uci 75Se (6 ug selenium) was injected intratesticularly into
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one of the hamster testis. The animals were then sacrificed at various
period after loading and their testis were removed for selenium
incorporation studies. In all the gossypol treated animals, a careful
checking of the appearance of the testes and its contents by visually
comparing the color of it with that of the controls, and observing the
viability of the sperms under microscope was done to insure that the
anirrials were infertile but not overdosed.
2. Collection of Cytosol Fluid
Testes was decapsulated and the blood capillaries were carefully removed.
The clean tissue was homogenized in 5 volumes of 10% sucrose, 0.1 M
potassium phosphate buffer, pH 6.3, with a Potter-Elvehjem homogenizer
followed by centrifugation at 160,000 g for 90 minutes at 4°C. The
supernatant was carefully collected for gel filtration.
3. Stability Study of selenoproteins
Besides applied immediately to the sephadex-Gl 50 column, cytosol
collected after centrifugation was stored in refrigerator at 4+l°C for 24+2
hours without additional manipulation. Before the sample loading onto the
sephadex column, a sufficient stirring by vortex was employed to ensure
that the content to be fractionated was homogenous.
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4. Separation of Selenoproteins in the Cytosol
2.6 ml of the cytosol preparation was applied onto a sephadex G-150
column (1.4 x 72 cm). The column was pre-equilibrated with 0.1 M
potassium phosphate buffer (pH 6.3) containing 0.03% EDTA and 0.01%
NaNs and run at 4°C. A flow rate of 10 mlhr. was maintained with a
peristatic pump. The column were standardized with blue dextran (MW
2,00(000). catalase (MW 240,000), human hemoglobin (64,450), trypsin
inhibitor (21,500) and cytochrome C (12,400). Effluent fraction were
monitored at 280 nm. 75Se radioactivity were determined in a gamma
counter for each 3 ml fractions.
5. Determination of Se-GSH-Px Enzyme Activity
Gluathione peroxidase activity was determined by a procedure adapted
from Paglia and Valentine and modified by Smith (Paglia and Valentine,
1967; Smith et al., 1979). Se-GSH-Px will be coupled to NADPH via
gluathione reductase. The rate of NADPH oxidation was measured
spectrophometrically at 340 nm. The reaction mixture consists of 2 mM
reduced glutathione (GSH); 0.1 mM NADPH; 100 mM potassium phosphate
buffer, pH 7.0; 3 mM EDTA; 1 mM sodium azide and 1 unit glutathione
reductase. After incubate the reaction mixture with the sample for 2
minutes, H202 was added to final concentration of 0.12 mM to initiate the
reaction. All reactions were carried out at 30°C.
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III. Results
Three major 75Se labelled peaks (VeVo ratios of 1.4, 2.6, 2.9) are
observed in all elution profiles (Fig. 5-1). The apparent molecular weight
of these proteins were estimated to be 180,000 (VeVo 1.4), 10,000 (VeVo
2.6) and 4,000 (VeVo 2.9) with respect to the protein standards elution
profile. An additional minor shoulder (VeVo ratio of 2.0; MW 47,000) was
notetfc This shoulder is likely to be a separate protein entity that
overlaps with the major one that has the highest molecular weight.
Essentially, the 75Se incorporated proteins remain constant throughout the
observation period except that the smallest one and the shoulder near the
biggest protein exhibit a gradual reduction in pool size. This may be
interpreted to mean that while one proteins (with MW about 180,000 and
VeVo of 1.4) is relatively stable, the others (one in the shoulder and the
others two being that with smaller molecular weights) have comparatively
shorter turnover rate. It is shown by enzyme assay that only the
selenoprotein with, molecular weight of 180,000 exhibited specific activity
towards the Se-GSH-Px substrate while randomly chosen samples from
other selenoprotein did not give any positive activity.
While the testis cytosol from 14 day 75Se loaded hamsters collected after
centrifugation was allowed to stand for 24 hours at 4°C before being
applied to the Sephedex G-150 column, a new radioactivity portion
appeared in fractions that was associated with the void volume proteins
(Fig. 5-2). Hence 5 selenium-75 labelled peaks were observed instead of
four. It is obvious that this radioactivity that emerged at a high MW
protein fraction must be a redistribution of the radioactivity from 75Se in
the other 4 peaks. Attempts have been given to trace whether this
appearance of radioactivity is related to a disappearance of radioactivity
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Fig. 5-1 Sephadex G-150 chromatography of hamster testis cytosol.
Preparation of testis cytosol were obtained from hamsters at (A), 7; (B), 9;
(C), 14; (D), 20 days postinjection of 24 uCi 75Se. The cytosol once
obtained after centrifugation was fractionated immediately. The sephadex
G-150 column (1.4 x 72 cm) was equilibrated with 0.1 M potassium
phosphate buffer (pH 6.3) containing 0.03% EDTA and 0.01% NaNg and
run at 4°C before use. Approximate 40 mg proteins were applied for each


















Fig. 5-2. Emergence of a high MW selenoprotein on storage. Samples of
hamster testis cytosol were obtained 14 day (panel B and b) and 20 days
(panel C and c) postinjection of 24 uCi 75Se. The cytosol was used
immediately or allowed to stored for 24 hours at 4°C before being applied
to the column. Approximately 40 mg proteins were applied for each run.
The running condition was the same as fig. 1. Panel B and C reveals the
separation done immediately upon collection (without standing) while panel

















somewhere but no clear cut conclusion can be drawn. This change in the
radioactivity distribution profile after storing was observed in both the
day 14 and the day 20 animals. The extent of changes in both was
similar.
After gossypol treatment, essentially the same pattern was observed (Fig.
5-3). The corresponding 4 molecular species were also noted (VeVo
ratios of 1.4, 2.0, 2.6, 2.9) and this points to the fact that all the 4
selenoproteins species were retained in the gossypol treated animal.
Again, as depicted in Fig. 5-4, on standing, a new selenoprotein peak
emerged along the void volume of the fractionation. This change is
identical to that of the control ones both qualitatively and quantitatively
(Table 5-1).
Since there is a definite shift in the 75Se abundance in the elution
profile, reflecting the turnover rate of the 4 selenoproteins, it is thought
that a comparison of the rate of such a change in the control with the
gossypol treated one may be an addition tool to look at the gossypol
effect on these selenoproteins. Table 5-2 to 5-3 expressed such a
comparison by different mathematical treatments. From these calculations
it seems selenoprotein I, that is the Se-GSH-Px protein, is the most
stable one while the smaller selenoprotein have turnover rate faster. By
estimation, their half lifes are about 10 days or even less (from day 9 to
Day 20, and yet selenoprotein I is also degrading though to a lesser
extent). Even though, there is a reverse in the amount of selenoprotein
III in treated hamster. This value may not be real and the trends of
selenoprotein II and III degradation after all are very similar in both
animal types, indicating that there is no outstanding gossypol effect on
these protein shift profile.
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Fig. 5-3. Sephadex G-150 chromatography of gossypol treated hamster
testis cytosol. (X, Y, Z) Hamsters were force fed with gossypol for 11-17
weeks with dosage of .10 mgKgday (6 days per week). (B, C, D) The
radioactivity profile of control group samples were taken from fig. 5-1 for
comparison. In both control and gossypol treated animal samples, 2.6 ml
cytosol was applied to the columns (1.4 x 75 cm) immediately after
centrifugation (160,000 x 90 min.) of the testis homogenate. The running
condition was the same as fig. 1. Approximate 40 mg proteins were
applied for each run. Testis cytosol were obtained from hamsters at (B




Fig. 5-4. Sephadex G-150 chromatography of gossypol treated hamster
testis cytosol. Testis cytosol were obtained 14 days postinfection of 24
uCi 75Se. The testis cytosol was stored for 24 hours at 4°C before
applied to the column (1.4 x 72 cm). Approximately 40 mg proteins was
applied. Panel b is taken from fig. 5-2. for comparison, it is a sample
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a. Selenoprotein N is the newly emerged peak on standing. Equal amount of protein
are loaded for each sample;.
b. Retention ratio is calculated by dividing the total score on standing over the
original value;
c. For the new peak, this is not appropiate (NA);
d. Similiar results are obtained for cytosol taken from 14 and 20 days after Se























The abundance of Se in protein fractions collected at various
time intervals after Se injection
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a. For comparsion, the radioactivity were assigned to the 3 distinct protein
fractions. Since, the assignment of radioactivity is very arbitary, the
values of protein fractions named 1,11, III, in decreasing MW order, were
taken by adding the radioactivity of several fractions together to give
the total radioactivity. These assignment are: peak I (fraction 15-19),
peak II (fraction 28-31), and peak III (fraction 34-37). The selenoprtein
that was eluted close to the major peak I (with VeVo of 2.0), is the
minor shoulder. It is not taken into consideration since technically it
is hard to evaluate its exact abundance.
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The abundance ratio was calculated by normaliz, ng against the more stable,
less turnover protein moiety, in this case protein I. Day 9 is chosen as a
reference point since both type of animals have tested at day 9 but not day
7. The abundance ratio is calculated by the following equation:
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Selenoproteins other than Se-GSH-Px were identified in the male gonads
for different species by different groups of investigators (Prohaska et al.,
1977; McConnell et al., 1979; Pond et al., 1983). It appears that there is
a variation in the number of selenoproteins in the male gonads for
different species. Bull testis cytosol was shown to have 5 selenoproteins,
whereas only 4 were observed in ram and rat (Pond et al., 1983; Prohaska
et al., 1977).
In this experiment, gel filtration of hamster testis cytosol resulted in 3
dominant peaks (VeVo ratios of 1.4, 2.6, 2.9) and a minor shoulder (VeVo
ratio of 2.0). It seems that male hamster has a smaller number of
selenoproteins in the gonads as compared to the other species (Table 5-
4). However, when the testis cytosol was allowed to stand for 24 hours
at 4°C before applied to the column, one more radioactive peak was
observed in fractions that marked as void volume, i.e. VeVo ratio of 1.0.
It is possible that the 75Se labelled peak with VeVo of 1.0 to 1.1 that
has been reported for rat, bull and ram is due to the standing of the
sample before running the chromatography.
The origin of this high MW selenoprotein is unknown. It can be a
conjugated product of any of the light MW selenoproteins with another
protein or even a polymerization of the selenoproteins. Since the
selenoprotein is a small fractions of the total proteins, there is not likely
any further information obtained by comparing the minor shift in the two
curves (selenoprotein and total protein). The same phenomenon was also
detected from the protein samples isolated from hamster testis cytosol at
day 20 after 75Se injection. Whether this newly emerged protein possessing
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Table 5-4 Elution ratio of testis cytosol selenoproteins






















a. All the data was obtained by gel filration chromato¬
graphy with sephadex G-150.
b. from Prohaska et al., 1977
c. from Pond et al., 1977
d. Se-GSH-Px activity can be detected.
e. a minor shoulder at VeVo ratio of 2.0
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Se-GSH-Px activity was not tested. This will be left for further
investigations.
If the VeVo= 1.1 selenoprotein is an artifact in all observations
reported in the literature, and that the shoulder peak of the hamster that
carries a VeVo ratio of 2.0 is comparable to that 1.9 peak in the bull
testis cytosol, then, the number of selenoproteins in the hamster is close
to that of the bull but different from its relative rat. However, for
values that can be used for careful scrutination, a more detail study with
the same separation techniques should be used. As shown in this study,
that an emergence of a new selenoprotein on standing take place, there is
a necessity to have the separation work done under more controllable
conditions.
In this study, a faster turnover rate is recorded for the selenoprotein
that has a smaller MW. It is not known why they are less stable
comparable to the Se-GSH-Px one. It has been suggested by Pond et al
that the decrease of this labelled moiety is a loss of the radioactivity by
transferring its 75Se to other proteinous moieties. This is an exchange of
bound 75Se. Pond et al speculated that there is a greater binding
stability of selenium to Se-GSH-Px peak (heavier protein) rather than to
the other lighter proteins (Pond et al, 1983). Our results are consistent
to such finding but provides no clue to support for a binding mechanism.
Though the radioactivity level is low for peak with VeVo of 2.6, the
persistant existence of this small peak (intermediate turnover rate) may
reflect the importance of this protein in selenium metabolism in the
gonad.
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In studies on the effect of gossypol on the selenoprotein profile in
hamster testis cytosol, the results suggest that gossypol does not affect
the selenium metabolism in the male gonads. Firstly, all the 75Se labelled
peaks observed in the control group is retained after gossypol treatment
and the selenoprotein metabolic rate of each are similar between the
control and the gossypol treated animals. Secondly, the unusual
appearance of the high MW selenoprotein on storing at 4°G does take
place in both control and treated samples provides an additional support
to the absence of gossypol effects on these molecules. Therefore,
considering the above two arguments, selenoproteins in the male hamster
gonads are probably insensitive to gossypol treatment.
This brings us back to how gossypol affects Se-GSH-Px selenoprotein in
mammalian gonad. Judging from the peak size of the fractions collected
at VeVo of 1.4 and the amount of radioactivity scored in this peak, it
suggests that the amount of the Se-GSH-Px produced is also not affected
by gossypol. But. yet in chapter 2, the Se-GSH-Px activity is basically
eliminated by chronic effect of gossypol. There may still be possibility
that gossypol affects the enzyme conformation by post-translational
modification. The following phase in understanding gossypol effect should
hence be directed towards the study of molecular inhibitive modification.
Conclusions General Discussion
CHAPTER 6 CONCLUSIONS AND GENERAL DISCUSSION
Gossypol, a yellowish polyphenolic compound isolated from cptton seeds,
has long been shown to be a potential male antifertility agent. Though it
has been studied extensively and intensively for over ten years, its
antifertility mechanism remains unknown. As the symptom of gossypol
antifertility action resembles closely to that of a deficiency in selenium
intake, both exhibiting a characteristic defect on the sperm midpiece that
results in infertility, the gossypol effect of a selenium specific enzyme
glutathione peroxidase, Se-GSH-Px, as well as that on selenium
metabolism as a whole were carefully studied. This is a new approach
and a new attempt taken to understanding gossypol antifertility action.
In the course of this study, we have found that Se-GSH-Px, an enzyme
that protects the cells from various oxidative damages, was highly
inhibited by gossypol in the in vivo study. There was also a
concentration dependent inhibition of the Se-GSH-Px activity in the in
vitro experiments. The in vivo inhibition was far much higher than that
of LDH-X, the enzyme that has previously suspected to be the target
enzyme of gossypol antifertility action (Lee and Mailing, 1981; Stephens et
ah, 1983).
It has been reported that in the seminal plasma and testes of various
mammalian species, hydrogen peroxide, produced by spermine oxdiase, as
well as other oxygen free radicals are highly toxic to the newly formed
spermatozoa (Mann, 1964). Some results have claimed that the peroxides,
produced from lipid peroxidation of the unsaturated fatty acids of the
sperm phospholipids are strongly spermicidal (Jones et al., 1979). The
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fact that reduced glutathione prevent immobilization of spermatozoa by
spermine oxidase while catalase, the other free radical detoxicating
enzyme is absent in the semen, suggests that a specific role is played by
Se-GSH-Px in the removal of hydrogen peroxide from the male
reproductive system (Tabor and Rosenthal, 1956; Mann, 1964). If gossypol
inhibits Se-GSH-Px, the spermatozoal membrane will be exposed to
oxidative damages. This then will create a serious defect in
spermatogenesis leading to infertility. The recent finding that gossypol
can stimulate and promote the production of superoxide free radicals has
reinforced this speculation.
Since Se-GSH-Px is a selenoprotein, the reduction of glutathione
peroxidase activity may have stemmed from a gossypol inhibition of
selenium metabolism as a whole. In order to elucidate such selenium
metabolism in the animal, selenium content of different tissues, including
the spermatogenic cells from the testis and spermatozoa from the
epididymis of hamsters was studied. It was found that none of the tissue
selenium content was affected by an antifertility dose of gossypol (10
mgKgday for 6 days a week and for period of 6 weeks). Even careful
studies with spermatogenic cells and spermatozoa, showed no effect on
gossypol treatment for up to 60 days. Since retention of selenium in the
male gonads has been demonstrated to be especially high, this selenium
study at the macroscopic tissue level indicates that no obvious selenium
defect is generated by gossypol.
To study the selenium metabolism at a molecular level, methods that
combine the use of cell separation and tracer techniques were employed.
75Se was found to be incorporated into hamster spermatozoa, and the
incorporation was demonstrated to have occurred during the spermatid
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stage. Further development of the 75Se labelled germ cells was
accompanied with a passage of the sperms through the caput epididymis to
the cauda epididymis. Our study with SDS-polyacry.lamide gel
electrophoresis of proteins isolated from the mature spermatozoa collected
from the cauda epididymis revealed a single 75Se labelled protein with
apparent molecular weight of 17,500 dalton, similar to the reported data
done on rats and bulls (Calvin et al., 1981a; Pallini and Bacci, 1979).
From the amount of radioactivity incorporated, it appears that this
selenoprotein is an essential component in the spermatozoal structure.
However, it is insenitive to gossypol treatment as shown by the lack of
change in the rate of biosynthesis of this structural selenoprotein in the
course of gossypol administration. In spite of the fact that there is no
significant difference in the timing of radioactive labelled spermatozoal
passage from the testis to the cauda epididymis, the midpiece of the
treated spermatozoa showed an alternation in its selenoprotein assembly.
The-selenoprotein obtained from treated animal mature spermatozoa cannot
retain its stability within the mitochondrial vesicles, as depicted by a
shift of radioactivity from the pellet to the supernatant in the
mitochondrial fractionation by centrifugation. The instability observed
might have stemmed from an impairment of the mitochondria capsule
membrane by various oxygen radicals, which was produced under
unprotected condition when Se-GSH-Px was being inhibited by gossypol.
An intratesticular injection of 75Se to male hamster followed by sephadex
G-150 chromatography of the testis cytosol of the animal resolved into
three major 75Se labelled peaks (VeVo ratios of 1.4, 2.6, 2.9) with an
additional minor shoulder (VeVo ratio of 2.0). One of these 75Se labelled
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proteins (with VeVo ratio of 1.4), was shown to have Se-GSH-Px activity.
However, gossypol was demonstrated to have an effect neither on the
formation nor the turnover of all these selenoproteins.
Summing up all the results, gossypol inhibits Se-GSH-Px activity both in
vitro and in vivo, but the selenium metabolism is not affected. Since the
production of Se-GSH-Px has been demonstrated to be unaffected by
gossypol as reveal by the amount of selenoproducts formed in the enzyme
fractions, the most possible explanation is that gossypol affects the
enzyme activity by some posttranslational modification processes which
lead to a reduction of the enzyme activity. Apparently, the future study
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APPENDIX A NOVEL METHOD FOR STUDYING DRUG-INDUCED CHANGES IN
SPERMATOGENESIS
la. Cell Separation by Sedimentation at Unit Gravity under BSA
Concentration Gradient
I. Introduction
Spermatogenesis involves the differentiation of spermatogonial cells into
primary spermatocytes, secondary spermatocytes, spermatids and eventually
to spermatozoa, where the differentiating cells exist in both the diploid
and haploid forms. Studies of the molecular events of differentiation of
spermatogenic cells have been complicated by the great number of
different cell types present.
In order to study the molecular mechanism of antifertility drugs, it is
necessary to develop a method to obtain a large quantities of enriched
populations of the various classes of spermatogenic cells at specific stages
of differentiation. Density gradient centrifugation, the most widely used
method in cells separation, cannot apply to separate spermatogenic cells,
since the differentiating cells differ only slightly in density and very
small changes in pH or salt concentration can completely changes the
buoyant densities found for different cell types.
However considering the great difference in size of the spermatogenic
cells, cell separation taken on basis of size is applicable. For a mixed
population of spherical cells falling through a fluid under the influence of
gravity, if the density difference between the cells is small, the cells will
sediment with different velocity depending primarily on the square of the
cells radius, hence separation can be achieved. Therefore if a thin layer
of cells is loaded on the top of a fluid-filled chamber and allowed to
sediment for a period of time, different enriched cell population can be
appendix
obtained by unloading the chamber at the bottom in fractions.
To study the effect of gossypol on spermatogenic cell differentiation, a
method that combines the use of radioactive tracer and sedimentational
cell separation is developed.
II. Methods
The method involves injecting the experimental and the control animal
with the same substrate or precursor but each labelled with different
radioisotope. When these radioactive tracers are sufficiently incorporated
into the spermatogenic cells, the paired animals can then be sacrificed
and their testicular contents removed for cell separation.
A. Drug Treatment
Gossypol dissolved in corn oil was administered orally to male hamsters
(170-200g) with a dosage of 10 mgKgday (6 days per week) for a period
of 10 weeks. The control animals were force-fed with corn oil alone. At
the following times: 2 hours, 1 day, 9 days, 12 days, 15 days, 21 days,
and 26 days before sacrifice 5 uCi of 14C-Thymidine of specific activity
of 60 mCimmol and 10 uCi of 3H-Thymidine of specific activity 77Cimmol
was injected intratesticularly into the left testis of the gossypol treated
hamster and the control hamster respectively.
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After the testis were decapsulated and the blood capillaries were carefully
removed, the seminiferous tubules were washed with PBS. The washed
tubles were sliced into short segments and about 7 ml of PBS was added.
The suspension was transferred to a centrifuge tube where it was pipetted
up and down through a Pasteur pipette for approimately 20 times. The
mixture was allowed to sediment for 5 minutes at unit gravity. The
bottom sedimented tubules was discarded and the upper cell suspension
was centrifuged at 500g at 4°C for 15 minutes. The cell pellet obtained
was resuspended in 0.5% BSA in PBS and diluted to 2.5 x 10® cellsml in
0.5% BSA in PBS.
C. Cell Separation in the Sedimentation Chamber
The experimental set-up for spermatogenic cell separation was shown in
fig. 1. 14 ml of 3H-thymidine labelled spermatogenic cells from the
control hamster was mixed with the same amount of 14C-thymidine
labelled spermatogenic cells from gossypol treated hamster. 28 ml of the
mixed cell suspension was injected into the bottom of the separation
chamber followed by generation of a BSA gradient (1-3%) ascendingly.
After 3 hours of sedimentation, 42 fractions were collected in 11.4 ml and
the fractions were filtered separately on the Whatman GFB glass fiber
filters. The cells remained on the filter were washed with PBS and
treated with 5% TCA and 95% ethanol. The acid insoluble activity on the


















Fig. 1 Experimental set-up for spermatogenic eel separation by velocity
sedimentation.
appendi:
Before the study of gossypol action, the effectiveness of the system
was checked by counting the number of cells with different sizes in each
fractions and determining the cell type being incorporated 2 hours
postinjection with 3H- thymidine.
III. Result
The distribution of cells with different size in the fractions collected was
shown in fig.2. The incorporation of the 8H-thymidine into the
spermatogonia 2 hours postinjection was also depicted in the same figure.
It is obvious that the method used is effective for separating
spermatogenic cells basis on the cell size. Radioactivity profiles of
spermatogenic cells from control and gossypol treated hamster was
depicted in fig. 3. It appears that the kinetics of spermatogenesis are
interfered by gossypol. Gossypol causes a shift in the
spermatogoniapreleptotene peak (around fraction 31) 1 day after injection,
a shift in pachytenesdiplotenes peak (around fraction 9) 9 days after
injection and a retention of pachytenesdiplotenes peak 12 days after
injection. Moreover, there have no more difference between control and
gossypol treated groups from 15 days to 26 days after injection.
IV. Conclusion
The difference in the distribution of the tracer activity in the treated
hamster from that of the control indicated an obserable morphogenic effect
of the drug rather than an aretefact of BSA column separation. This
method has been used successfully in demonstrating that gossypol, a
potential male contraceptive, has an effect in interfering with the












































Fig.2 (A) Sedimentation profiles of radioactivity labelled hamster spermatogenic cells.
Hamster were sacrificed 2 hours after intratesticular injection of 0.07 uCig body wt.
%- thymidine. (B) Percentage of large round cells, i.e. late pachytenes and diplotene
cells medium round cells, i.e. spermatids small round cells, i.e.
spermatogonia and primary spermatocytes spermatozoa in different fractions
collected.
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Fig. 3 Gossypol effect on the kinetics of the developmental steps ii
hamster spermatogenesis. Radioactivity profiles of spermatogenic celli
frnm possvdo! treated (10 meKsdav for 10 weeks
hamster are shown. (A) 2 hours, (B) 1 day, (C) 9 days, (D) 12 days,
(E) 15 days, (F) 21 days, (G) 26 days after intratesticular injection
of -thymidine (0.07 ,'uCig body wt.) and 14C-thymidine (0.02 uCig body
wt.) into the control and gossypol treated hamster respectively. It
appears that the kinetics of spermatogenesis are interfered by gossypol.
Gossypol causes a shift in the spermatogonia preleptotene peak 1 day
after injection, a shift in pachytenes diplotenes peak 9 days after
injection and a retention of pachytenes diplotenes peak 12 days after
injection. Moreover, there have no more different between control and




lb. A Modified Method Using EDTA Concentration Gradient Rather Than
BSA Concentration Gradient
I. Introduction
In velocity sedimentation, the sole function of the concentration gradient
is to prevent convection and mixing of the adjacent cell band during
loading and unloading of the sedimentation column. The density of the
gradient solution should be much smaller than that of the cells so that
the sedimentation velocity would not be highly affected. Also the
gradient solution used cannot affect the osmotic pressure, of the cells.
BSA concentration gradient can fulfill all these requirements, however the
protein nature of it inhibit the application of the method in enzymatical
study, since the specific activity of the enzyme cannot be found without
the information of the cell protein content. The high price of BSA also
prevent its application as a routine procedure in the laboratory. So
effort has been paid to investigate chemicals that can replace BSA in the
cell separation. The study of EDTA as the gradient material are
presented in the following pages.
II. Method
Method used in preparation of the cell suspension and cell separation is
the same as appendix la except 10-30 mM EDTA is used instead of 1-3%
BSA in generation of the gradient. The effectiveness of EDTA gradient in
separating the spermatogenic cells was checked by counting the number of
different cell types in different fractions and the compare the change of
the incorporation pattern with time with that of the the method using BSA
as the concentration gradient. The time period chosen for this comparsion
appendix
was 9 days and 12 days after intratesticularinjection of 0.07 uCig body
wt. of 3H-thymidine. Since a typical shift in the labelled peak of late
pachytenes and diplotene cells to spermatids were found during the period
of 9 to 12 days.
In order to see whether the method is applicable in enzymatic study of
the differentiating cells in the male gonad, the specific activty of LDH
total and LDH-X enzyme in different cell fractions were also determined
in normal adult hamsters.
III. Result
The percentage of different cell types in the fractions collected were
shown in fig.4. The light micrograph shown in Fig.5 depicted the
dominant cell type in different fractions. It is obvious that different
enriched cell population can be obtained by using EDTA as the
concentration gradient. The shift of the radioactive peak in the
radioactivity profile from 9 days to 12 days of incorporation was shown in
fig.6. This changes may due to the differentiation of primary
spermatocytes (greatest in size) to spermatids (medium in size), so the
radioactivity peak shift from the lower fraction to the upper one. This
pattern of change is the same with that of the method using BSA as the
concentration gradient. The result of LDH-total and LDH-X specific
activities determination in different cell fractions was shown in fig.7.
The spermatogonia enriched fraction (around fraction 31) was shown to
have the lowest enzyme activity. The cells following the spematogonia in
the developmental pattern are primary spermatocytes, secondary
spermatocytes and spermatids (fraction 4 to 24), and the enzyme activity
armendix
of these cell types seems to double that of the spermatogonia. The final
stages in the spermatogenesis is the spermatozoa, and the enzyme activity
of this cell type seems to triple to the that of the spermatogonia. There
are no difference between this relative changes in the enzyme activities
between LDH-total and LDH-X. This result is consistent with the finding
that LDH-X activities of the spermatogenic cells is sequential -increased
during the spermatogenesis.
IV. Conclusion
EDTA can be used instead of BSA in generating the gradient for cell
separation by velocity sedimentation. The method can be further
extended to study particular stages in the developmental process by
studying radionucleides which are known to incorporate only at a
particular stage. The method, as a whole provides a means not only to























Ficr.4 Percentaae of late pachytenes and diplotene cells secondary soermatocvtes
): spermatids ; spermatogonia and early primary spermatocytes spermatozoa
in different fraction collected.
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Fig.5 Micrographs shewing different enriched population of hamster spermatogenic cells.
(A) spermatozoa frcm fraction) 37, (B) spermatogonia and early primary spermatocytes frcm
fraction 33, (C) spermatids from fraction 24, (D) secondary spermatocytes frcm fraction
17, (E) late pachytenes and diplotene cells frcm fraction 11.
Fraction Number
Fig.6 Radioactivity profiles of spermatogenic cells from hamsters which were injected
intratesticularly with thymidine. (A) incorporation for 9 days, (B) incorporation for
12 days. The cell separation were performed under EDTA concentration gradient.
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Fraction Number
Fig. 7 The relative specific enzyme activities of LDH-total
different cells fractions. Sequential increased in the enzyme activities was shown with
the spermatogonia in fractions around 30 contain the least, and the spermatozoa in
fraction around 38 contain the greatest.


